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WAR SURPLUS OPTICAL BARGAINS 


ASSEMBLE YOUR OWN BINOCULARS! 


Complete Optics! Complete Metal Parts! 
Save More Than % Regular Cost 
GOVT. 7x50 BINOCULARS 

Here’s an unusual opportunity to 
secure a fine set of Binoculars at 
a substantial saving of money. 
Offered here are complete sets of 
Optics and Metal Parts for the 
7 x 50 Binoculars. These com- 
ponents are new and all ready 
for assembly. We supply full in- 
structions. 

METAL PARTS—Set includes all 
Metal Parts—completely finished 
—for assembly of 7x50 Binocu- 
lars. No machining required. A 
sturdy Binocular Carrying Case is 
optional with each set of Metal 


$39.40 Postpaid, 
plus $4.80 for Case—Total $44.20 


OPTICS—Set includes all Lenses and Prisms you need for 
assembling 7x 50 Binoculars. These Optics are in excellent 
condition—perfect or near perfect—and have new low re- 
flection coating. 

Stock #5102-X 7x 50 Optics $25.00 Postpaid 
(These are standard American-made parts... not Japanese, 
French or German.) 

NOTICE: Add 20% Federal Excise Tax 
Binocular Optics and Metal Parts. 


ARMY’S 6x 30 BINOCULARS 

OPTICS & METAL PARTS—Model M-13Al 
(Waterproof model.) Everything you 
need—ready for assembly. When finished will look like a 
regular factory job costing $102 to $120. The Optics are 
new, in perfect or near perfect condition. Have new low re- 
flection coating. Metal Parts are new and perfect, all com- 
pletely finished. No machining required. Complete assembly 


instructions included. 
Stock #830-X $10.00 Postpaid, 
plus $8.00 tax—Total—$48.00 


Optics and Metal Parts are Available for Monoculars (% a 
Binocular). For Complete Details, Write for Bulletin X. 
MOUNTED ANASTIGMAT LENSES—Use for Projectors, 
Enlargers, Copying Cameras. Complete with Shutter and 
Diaphragm. alue about $20. An excellent buy. WE 
WILL INCLUDE FREE ILLUSTRATED BOOKLET on 
HOW TO MAKE YOUR OWN ENLARGER. 
Stock -X—Speed f/7.7, focal length approx. 127 mms. 
Suitable for pictures, negatives, positives up to 344” x 44”. 
$7.50 Postpaid 
Stock #+8006-X—Speed of f/7.7, focal length —. 100 mms. 
Suitable for pictures, etc. up to 24” x34” .. $8.50 Postpaid 


CONDENSING LENSES—Seconds, but suitable for Enlarg- 


ers and spotlights. 

Stock #1061-X Gea” sO Pike osccuc $2.50 Postpaid 
Stock 71080-X Gian. 0 LED 5 aeeens $1.00 Postpaid 
Stock 71084-X 214” dia., "y _ fh aero $1.00 Postpaid 
We have a Limited Quantity of Condensing Lenses—Seconds 
—ranging from 4%” to 8%” in dia. with various focal 
lengths. Send for Free Bulletin -X. 


8 POWER ELBOW TELESCOPE 
Gov’t Cost $200.00! Our Price $17.50! 

Big 2” diameter objective. All lenses Achromatic. Amici 
prism erects the image. 4 built-in filters—clear, amber, neu- 
tral and red. Slightly used condition but all guaranteed for 
perfect working order. Weight 5 lbs. Can be carried but a 
trifle bulky. Excellent for finder on Astronomical Telescope. 
Stock #943-X $17.50 Postpaid 
20X PRISM SPOTTING SCOPE SET—Consists of all lenses 
and prisms (slightly chipped) you need to make a good 
standard 20X Spotting Scope. Low reflection coated. 57 mm. 
dia. Achromatic objective. Some Metal Parts included. 
We furnish directions. 
Stock 75145-X $22.00 Postpaid 
(Also surplus Riflescopes—Write for Bulletin 18-X) 
TELESCOPE EYE-PIECE—Consists of 2 Achromatic Lenses. 
F.L. =e mm. and a metal mount. 

Stock #5140-X $4.50 Postpaid 


Stock #842-X 


if you buy both 


COMPLETE 
6x30 Binoculars. 


MOUNTED PROJECTING LENS SYSTEM 


91.44 mm. (just right for 35 mm. 

Projectors). Speed of F. 1.9. Outside dia. 

of mount at one end 60 mm. Length of 

mount 64 mm. 

Stock #40338-X $3.00 Postpaid 

THREADED OUTSIDE MOUNT FOR 

FOCUSING ABOVE SYSTEM (Not Illus.) 

Stock #715-X $1.00 Postpaid 

SIMPLE LENS KIT—Some gov’t surplus, 

some commercial surplus, some chipped re- 

jects, some perfect, few coated ... in any 

event an excellent bargain. Containing Plano 

Convex, Double Convex, Concave, Meniscus 

Lenses. Dia. range 5 mm. to 40 mm. Assorted x lengths 
45 lenses Postpaid 
80 lenses $10.00 Orting 

LENS CLEANING TISSUE—ist quality, sheet size 11” x 

Made to Govt. specs. Free of abrasives. High wet stren; gt! 

Stock #721-X 500 sheets $1.00 Postpaid 


—F.L. 


SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size projectors: 

Stock #4088-X ......... 24%” x2" $3.35 Postpaid 
Stock #4089-X ......... 24%” x 34” $3.35 Postpaid 
Stock #4029-X BGRGE, onSsscnsacks $2.85 Postpaid 


35 MM KODACHROME PROJECTING LENS SET—Co: 
sists of a mounted projecting lens, heat absorbing glass, 2 
condensing lenses. 


Stock #4035-X $4.85 Postpaid 


10 LENS KIT—THE LENS CRAFTERS DELIGHT! 


Kit includes illustrated booklet ... specific project for every 
lens in the kit. Use these lenses in photography for copying 
ULTRA CLOSE-UP SHOTS, Micro-photography, Koda 
chrome Viewer, etc. Dozens of other uses in experiments 
optics, building TELESCOPES, low power Microscopes, et: 

$1.00 Postpaid 


NEW BULLETIN on our BIG VARIETY OF PRISMS—Over 
50 different right angle Prisms, Rhomboidal. Binocular 
Porro, Leman, Porro-Abbe, Brashear-Hastings, Penta, Dove 
Pentagon, Ocular, and Amici Roof Prisms. Also Bean 
Splitters, Wedges and many others. Request Bulletin X. 


Army Air-Force ASTRO COMPASS (Not a magnetic com 
pass). Used as a means of indicating heading of aircraft 
from position of stars. Excellent for amateur astronomers 
Govt. cost about $100. Used but in good condition. 


Stock #944-X $8.00 Postpaid 


6 POWER PERISCOPE and ADJUSTABLE TRIPOD. 27’ 
long. Focusing eye-piece. Adjustable cover for objective 
end. Govt. cost $150. Tripod and mount worth more than 
purchase price. 


Stock #717-X Audubon 


$20.00 f.o.b. 


BUBBLE SEXTANTS 
cost about $125.00 


TERRIFIC BARGAIN! 


Army Air Forces type. Govt. 
Included with shipment is wooden 
Carrying Case, 5 spare waxed 
paper discs, flashlight with 
rheostat for night use (uses ordi- 
nary flashlight cells—not fur- 
nished) aux. 2-power Galilean 
Telescope, Allen wrench, 1 spare 
marking point. Wartime used. 
BUT COMPLETELY REPAIRED, 
COLLIMATED AND PUT IN 
GOOD WORKING ORDER. 
Money back guarantee. Full di- 
rections for use accompany each 
shipment. 
Stock #924-X ... $12.50 Postpaid 
Same SEXTANT as above, but BRAND NEW and with Auto- 
matic Electric Averaging Device and Illuminated Averaging 
Dise for nighttime use. Govt. cost $217. 

Stock #933-X $22.50 Postpaid 





IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


Write for FREE CATALOG 











We Hove Literally Millions of War Surplus 
Lenses and Prisms for Sale at Bargain 
Prices. Numerous Types of Instruments Too! 


ORDER BY SET OR STOCK NO. 
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BELL TELEPHONE LABORATORIES (@) 


Exploring and inventing, devising and perfecting, for con- 
tinued improvements and economies in telephone service. 








miles of speech- 


only inches of sound! 


When you talk by telephone, far or near, 
the actual sound travels much less than when 
you talk across the room! 


That’s because the telephone system car- 
ries not sound itself but an electrical facsim- 
ile of sound. When you speak into a telephone 
transmitter your voice is converted into 
electrical vibrations which are not changed 
back into sound until they reach the receiver 
diaphragm. 

Conversion of sound into its electrical 
equivalent, through the invention of the tele- 
phone, opened the way to the measurement 
of sound by accurate electrical methods. In 
developing means to make the telephone 
talk farther and sound clearer, the scientists 
of Bell Telephone Laboratories had to de- 
velop the tools for sound-wave analysis and 
measurement. 

The condenser microphone, the wave 
filter, the amplifier—each the product of 
telephone research—have helped to reveal 
the structure of sound as never before. Each 
has helped to build the world’s finest tele- 


phone system. 
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] GRICULTURE is fundamental to human 
subsistence, an obvious fact too often 
; ignored by our lawmakers, educators, and 
the general public itself. A primary service that 
Sscience must render to agriculture is to emphasize 
}the importance and peculiar character of this basic 
Vindustry, for indeed man is dependent on plant 
}growth—on photosynthesis—for his very existence 
Hon earth. All his food and much of his raiment 
Jand shelter come either directly or indirectly from 
}plants. Animals, important though they are, are 
Pessentially transformers of plant products and not 
@primary producers. Modern industrial civilizations 
Pcould not exist without the products of mines and 
Piactories, and man himself could not exist without 
@the products of our fields and forests. 
} Because farming is a complex biological enter- 
prise, subject to tremendous climatic and _ biotic 
Shazards over which the individual farmer can 
Hexercise little or no control, a successful agriculture 
Hneeds the services of all science. Government-sup- 
ported science is especially needed because in most 
countries farming is carried on in many relatively 
small units. By its very nature, farming cannot be 
concentrated like processing and manufacturing. 
In the United States alone there are about 6 
million farms distributed over an area of about 3 


























*Paper No. 2440, Scientific Series, Minnesota Experi- 
ment Station. 
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SCIENCE IN THE SERVICE OF AGRICULTURE* 
E. C. STAKMAN 


Chief, Division of Plant Pathology and Botany, University of Minnesota, Agent, U. S. 
Department of Agriculture, and 1949 President, American Association for the Ad- 
‘ vancement of Science, Dr. Stakman has recently returned from a scientific mission to 
Japan. A group composed of five American scientists reviewed, under the auspices of the 
Nattonal Academy of Sciences, progress being made by Japanese scientists. 
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million square miles, with so many kinds and com- 
binations of plants, animals, soils, and climates that 
nearly 500 types of farming can be recognized. 
Hundreds of kinds of plants are extensively 
grown, and thousands more are grown to some 
extent. More than 27,000 Latin-named species and 
varieties are listed in Bailey’s Standard Cyclopedia 
of Horticulture. Everyone knows something about 
varieties of apples, including differences in size, 
shape, color, texture, flavor, and keeping quality, 
and that there are numerous varieties of most 
other fruits, vegetables, and flowers. The differ- 
ences between varieties of virtually all our culti- 
vated plants are important both to the producer 
and to the processor, even though the bulk of 
consumers do not distinguish between them. 
Wheat is not simply wheat. There are a number 
of major botanical groups, such as the common 
bread wheats, the macaroni, or durum, group, the 
club wheats, and others. And there are smaller 
groups within the major ones. Within the common 
bread wheat group, for example, there are distinct 
market classes, such as hard red winter, soft red 
winter, and hard red spring, each with its peculiar 
growth habits and commercial uses. Within these 
classes, in turn, there are many commercial varie- 
ties; in 1935 the Department of Agriculture listed 
more than 200 varieties of wheat as being grown in 
the United States. Some of these may look very 
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much alike but yield flour of quite different quality ; 
some may look almost exactly alike but differ 
greatly in susceptibility to plant diseases. Varieties 
of flax may be similar in appearance but different 
in resistance to diseases or in amount and quality 
of oil produced. Discriminative choice and sci- 
entific applications play decisive roles long before 
farm products reach the market place. 

Differences in varietal appearance and quality 
are so obvious in many plants as to be common 
knowledge ; but few people realize that the grower 
must know the special soil and climatic require- 
ments of the varieties that he grows and the 
special uses to which they may be put. Varieties 
often are suited only to very special soil and 
weather conditions, and the range of adaptability 
cannot be determined readily by the individual 
grower. There still is much to be learned about 
the physiology and pathology of a single kind of 
organism, and the problems often are complex 
and difficult of solution. Plant scientists must 
solve problems not only of many kinds of crop 
plants but those of dozens or hundreds of 
varieties within each kind. Animal scientists are 
confronted with similar situations. The almost 
bewildering complexity of plant and animal ma- 
terials produced, and the wide variety of soil and 
climatic conditions that affect their production, 
obviously create numerous difficult problems for 
the scientist to solve. 

Soil and climate are basic factors in agriculture 
because they determine the amount of food and 
feed that can be produced. Agriculture can be 
supplemented somewhat by aquiculture but only 
to a limited extent. Whether considered on a 
world-wide, nation-wide, or farm-wide basis, the 
soil is man’s most valuable single asset. Unfortu- 
nately, its nature has too long been misunderstood, 
and it has therefore been lavishly squandered. 
The total amount of agricultural land in the 
world is neither unlimited nor inexhaustible. In- 
telligent land use, based on scientific facts and 
principles, is therefore of primary importance. 

It is platitudinous to say that soil is extremely 
complex, physically, chemically, and biologically. 
And yet only those scientists who have studied 
soils intensively can realize how complex they 
really are and how rapidly they can deteriorate, 
or even disappear, under poor management. The 
formation of soils is a long process, including 
volcanic and glacial action, the weathering of 
many kinds of rocks, the effects of various kinds 
of plant growth, and the activities of myriads of 
microorganisms, often extending over centuries 
of time. And all too often man destroys in a few 
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short years the soils that nature has so laborious) 
built by a long, slow process of evolution. 

Soil conservation is one of the most importay; 
nation-wide problems in the United States. Ti, 
present rate of soil deterioration in some of th 
richest agricultural regions is clearly a matter fo; 
alarm. This is no partisan or hyperbolic statement. 
it is based on official statistics and on extensive 
personal observations. The story of man’s vandal. 
ism is written for all to see, not only in the olde; 
parts of the country but in some of the newe; 
areas where the forest and prairies and _ plain; 
have only recently been transformed into crop. 
lands, and still more recently into badlands. Na 
ture’s terrible drama of the dust bowl became ; 
shocking a human tragedy as to force even the 
most apathetic into a realization that man cannot 
violate natural laws with impunity. The economic 
and sociologic consequences of a slower and mor 
insidious debilitation of the soil were dramatized b 
the author of Tobacco Road. There are too man 
Tobacco Roads in the United States. Too man; 
soils have lost their granular structure and have 
become as unproductive as so much cement. Water 
has leached out the fertility of many soils, and 
sheet erosion has carried the soil itself away from 
hillsides and the tops of gently undulating land; 
One of the most distressing sights from an air- 
plane is the endless succession of bald spots on 
many once-rich agricultural lands. Nature pun- 
ishes man severely for his ruthless destruction 
the natural vegetational cover that helped bul 
and protect the soil. Thousands of acres of ferti! 
fields have been so badly cut and gashed by gullies 
as to make them impassible to man and beast 
without bridging. In many areas gullies 10-10 
feet deep have ruined thousands of farms within 
the lifetime of many of us. 

Realism and common sense are beginning t 
replace the visionary optimism of the boomers an‘ 
boosters who had the naive conceit that land in 
the United States was unlimited in quantity and 
imperishable in quality. Time was when land was 
so plentiful that it could be exploited without 
endangering the national welfare. But that time 
is long past. 

The pioneers who cut the forests, plowed the 
grasslands, drained the swamps, established the 
cattleman’s empire, and discovered the sheepman: 
paradise aided in the phenomenal development! 
of the United States. But they reckoned too littl 
with the future and the penalties involved in the 
destruction of 50 million acres of cropland and the 
virtual destruction of an additional 50 million: 
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100 million acres of land—enough to feed ané 
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Bothe 50 million people moderately well. Soil 


ientists of the Department of Agriculture esti- 


, pate (iat water and wind remove annually, from 


oplands and pastures, about 3 billion tons of 
i, containing about 43 million tons of phos- 


Phorus, nitrogen, and potassium, which is fifty 


% sixty times as much as is replaced each year 
% commercial fertilizers. 
We now have in the United States about 400 
illion acres of cropland, exclusive of grazing 


nds not suitable for cultivation—about enough 


% feed and clothe 160 million people with our 
®resent standard of living and productive effi- 


‘@ency. Much of this land is subject to erosion. 


(ommon decency to the nation and its future 

®enerations demands that everything possible be 

Gone to protect and preserve this national resource, 
id that it be done promptly and scientifically. 

® In 1936, in an address delivered at the 164th 

Winner of The New York Farmers, I made the 


ollowing statement: 


© Agriculture is a far more precarious undertaking than 
Wost other enterprises, because it is biological in nature, 
@d various factors over which the farmer has almost 
®o control can very quickly destroy not only the crops 
hat he tries to produce but even the soil on which he 
Produces them. A study of these factors and of the 
Means of reducing their devastating effects is one of the 
incipal obligations of research. 
One of the primary needs is a body of facts to serve 
a guide in a sane and sensible land utilization policy. 
veryone knows that many good forest lands have been 
Ponverted into poor farms, that many good range lands 
Have been converted into still poorer farms, that many 
Mood swamps have been converted into nothing except 
Gre and flood hazards. These marginal lands should 
ther be taken out of production or the type of agri- 
Iture should be adapted to existing conditions. It some- 


“Himes is said that research, designed to help solve problems 


@ these marginal lands, is wasted. But what about the 
eople living on these lands? They are there. Are they 


W be abandoned to their fate, merely because they were 


Misled into settling these lands by the need for increased 
gricultural production and the lure of high prices? We 
ear much about marginal lands and even about marginal 


@rmers, to say nothing about marginal scientists. The 


riterion of what constitutes marginal land is a shifting 
ne. When many of these lands were settled they were 
ot marginal, because prices were high and it was 
ossible to operate them profitably. They are marginal 
ow, but will they be ten years hence? Whether they 
re then marginal lands, sub-marginal lands or above- 
arginal lands will depend partly at least on prices paid 
or what is grown on them. If they produce ten bushels 


"i wheat an acre, they are sub-marginal if the price of 


heat is only forty cents a bushel; but if the price is 
1.25, they may be profitable. It is evident, of course, 
at extensive areas should never have been ploughed, 
ecause they yield good crops too infrequently altogether. 
Put | want to protest against the scornful criticism that 
ften is levelled against the people who ploughed them. 
heir mistake was in believing those who painted the 


— 
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lurid pictures of the new Canaans where milk and honey 
and gold flowed from the earth below and the sky above. 
Does land classification and zoning to prevent similar 
mistakes in the future transcend the legitimate functions 
of government and interfere too much with personal 
liberty? Mistakes were made, but the settlers themselves 
were not wholly to blame. In any case the problem is 
to correct those mistakes as scientifically as possible. 
Some readjustment is necessary, but it should be made as 
painless as possible. 


The concept regarding marginal lands was not 
long in changing. The tremendous demand for 
food and other agricultural products for ourselves 
and other peoples stimulated efforts to make all 
lands yield to maximum capacity, even at the 
risk of serious soil impoverishment. Phenomenal 
wartime agricultural production attained 
partly because of providential weather, for which 
man can take no credit, and partly because of the 
industry of the farmer and his intelligent use of 
the tools given him by science and technology. 

World War II led to stocktaking of past 
progress and present agricultural and industrial 
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potential. For the present, the result was reas- 
suring. As concerns agriculture, it seems clear 
that man’s constructive efforts can counterbalance 
his destructive practices if he puts common sense, 
science, and technology to work. Comparison is 
made between the two world wars for the obvious 
reason that in both every attempt was made to 
utilize all available knowledge, skills, materials, 
and technics to attain maximum production. 


During the war years 1942 to 1945, inclusive, 
American farmers produced about 2 billion bush- 
els more corn than would have been possible 
during four years of World War I; in a single 
year of World War I stem rust destroyed about 
300 million bushels of wheat in the United States 
and Canada, but losses were comparatively small 
during all of World War II; it is estimated that 
the efficiency of animal production during World 
War II was 25 percent higher than in 1919; the 
use of farm machinery in World War II released 
enough land previously used for work animals to 
feed 16 million cattle or 26 million hogs, so badly 
needed for dairy products and beef and pork; 
an idea of the number of men released for other 
types of national service by the mechanization of 
farming can be gained from the fact that in 1900 
the production of 100 bushels of wheat required 
108 hours of man labor and only 47 hours in 1940. 
This progress was made possible almost entirely 
by utilizing the results of research and invention. 

It is impossible—probably even undesirable—to 
try to apportion credit to the various guilds of 
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scientists and technologists who accumulated the 
facts, produced the materials, or elucidated the 
principles that helped make the truly marvelous 
agricultural production of World War II possible. 
True it is, however, that the production of su- 
perior varieties of crop plants, the selection of 
better breeds or lines of farm animals, wider 
knowledge and better practices with respect to 
soil conservation, fertilization, and tillage, greater 
attention to the principles of plant and animal 
nutrition, more efficient control of plant and 
animal diseases and pests, and more extensive 
use of farm machinery all contributed their share. 
Important also is the fact that more knowledge 
had accumulated regarding the prevention of 
deterioration of foods and feeds and better methods 
had been devised for processing and preserving 
them. It is impossible to discuss in detail the 
contributions made in each of the various fields ; 
only a few examples can be given. The resulting 
lack of balance is unfortunate but almost un- 
avoidable. 

Corn, wheat, and oats are outstanding examples 
of crop plants that were so improved as to con- 
tribute greatly to agricultural production during 
the war years. There are many others, but these 
illustrate progress attained through the appli- 
cation of the principles of genetics to plant im- 
provement. 

Without hybrid corn there could have been no 
3.2-billion-bushel crop in 1946. This corn helped 
feed 80 million cattle, more than 44 million hogs, 
and enough chickens to lay 55 billion eggs. The 
600 million extra bushels that go to the credit of 
hybrid corn in 1945 and the 2 billion during the 
war years constitute an astonishing record. But 
more amazing is the scientific record, especially 
the rapidity of the progress after the underlying 
principles were developed and applied. Experi- 
ments in crossing varieties of corn were made as 
early as 1881, but inbreeding experiments were 
begun as late as 1905, and the crossing of inbred 
lines about 1908. As corn is normally cross-polli- 
nated, there was a popular belief that self-polli- 
nation inexorably led to deterioration. Indeed, 
selfed lines did decrease in vigor, but it was found 
that surprising results could be obtained by first 
selfing lines to attain relative uniformity and then 
crossing them in various combinations. Neither 
inbred parent amounted to much. But they were 
good parents: they complemented each other in 
such a way as to produce superior offspring. The 
process was carried further, and double crosses 
were made. As an example, selfed lines A, B, C, 
D are used as parents; A is crossed with B, and C 
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with D. Then Ax B is crossed with progen 
are good. It is estimated that of the 30,000 |; 
developed by 1939 only 2.4 percent were usefy 
corn improvement. Some, however, were 
good. Corn breeders have learned how to , 
the results of single cross tests for calculating ; 
potential yielding ability of double crosses, ‘| 
enabling them to emancipate themselves 


much of the laborious testing that was previoy; 


necessary. 
Information basic to the development of hy! 


corn was originally obtained as a result of naty; 


curiosity regarding the effects of inbreeding, | 
scientific study of corn genetics and its practi 
application in breeding followed. The results hy 


enriched the science of genetics and the agriculty; 


of many countries. In the United States only 
percent of the corn acreage was planted to hybr: 


in 1933; now it is almost 100 per cent in the cor 
belt states, with an average increase of about’ 


varieties grown 15 short years ago. 


In the interim between the two world wz 


the terribly destructive stem rust of wheat \ 
brought under at least temporary control in ¢ 
hard red spring wheat region of the United Sta 
and Canada through the use of newly produc: 


rust-resistant varieties and the eradication of rus 


susceptible barberry bushes. It is true that the 
were extremely destructive epidemics in 1935 « 


1937 because of a series of extraordinary mete: 


ologic events that enabled unusual amounts 


rust to spread northward from Texas, and beca«: 


of the appearance of a new parasitic race of | 
rust that ended the short but useful career oft 
best spring wheat variety then grown. Other 
rieties were ready, however, to meet the n 
menace, and they helped make the badly need 
billion-bushel wheat crops possible. The whi 
varieties of World War I never could hi 
equalled that performance. The production 
these rust-resistant varieties was made poss! 


only because plant breeders and plant pathologi: 


had learned enough about the genetics of the wh 
and of the rust fungus to proceed intelligently: 
the work of breeding and testing. 

The oat varieties of World War I could» 
have performed as did those of War II, ev 
though the latter barely survived the war. A nw 
ber of superior varieties were obtained by cross 
the varieties Richland and Victoria. Richla 
contributed stem-rust resistance, and Victoria 0 
tributed crown-rust resistance. These new | 
rieties became extremely popular in most 0 





Cx D. It sounds simple, but not all combinati, 
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my rowing states in the early forties because they 
lati iten yielded 20-50 percent more than the va- 
) I ieti¢ ‘that they replaced. Moreover, they seemed 
eful to have eliminated the disease hazard. They served 





i until the end of the war. Then their demise 
was almost as rapid as their rise. They are now 
loomed to oblivion because of their extraordinary 
susceptibility to a disease that was unknown until 
hey became widely grown. There is genetic link- 
ge between the factors for crown-rust resistance 
in Victoria oats and those for susceptibility to the 








































hyl iew disease, which simply means that if Victoria 
latu sontributes crown-rust resistance when crossed 
y. [Mi @with other varieties it also contributes susceptibility 
‘actic to the new disease: the bad goes with the good. 
Sha sut breeders and pathologists had been crossing 
ult still other oat varieties because they knew that the 
ily ( WRichland-Victoria group of hybrids was menaced 
y bri by parasitic races of the stem-rust fungus that in- 
> COL creased in prevalence as the acreage of the new 
ut - FP Mvarieties increased. 
‘ina ; The varieties White Tartar and Bond contrib- 
Buted rust resistance to the newest varieties that 
W are grown today. Although now performing well, 
it these new varieties are known to be susceptible to 
in some parasitic races of the rust fungi that are 
Stats{ present in the United States in only a few regions 
duce. |#and in small amounts. As there is precedent for the 
fr assumption that these races of fungi may become 
the | more widespread and prevalent, still more crosses 
33 a) | Meare being made in an attempt to meet the menace 
ietec' | Mf it materializes. 
nts And so the succession of new varieties con- 
eC tinues: New conditions, new varieties, which may 
ol in turn bring new problems along with their new 
ol values. The improvement in varieties of almost 
er all important crop plants through the application 
of scientific principles during the past half century 
lee has been almost miraculous. Not only have acre 
ve yields and quality improved, but the dangers of 





violent fluctuations in production have been di- 
minished through the development of varieties 
that resist plant diseases and insect pests and 
that are better adapted to the soils and weather 














White in the regions in which they are grown. 
} Science has given agriculture hundreds of im- 
Id 08 proved varieties of plants within the past few 
Cv decades. But these varieties cannot perform to 
UR their maximum capacity unless grown on suitable 
Oss soils and under appropriate climatic conditions. 
chia There is little use in attempting to grow a good 
a Oa variety on bad soil and under weather conditions 
V “Es to which it is not suited. And so we come back to 





the soil. Without soil there are no plants; without 





79 


good soil, even good varieties cannot thrive; and 
on really bad soil even good varieties are likely 
to be bad; consequently, soil scientists must pro- 
vide the information requisite to the proper nu- 
trition of the improved varieties. 

It is common knowledge that some plants, such 
as clover and alfalfa, will not grow well on acid 
soils and that certain kinds, such as blueberries 
and cranberries, like an acid soil. Well known, 
also, is the fact that all plants require nitrogen, 
phosphorus, potassium, calcium, and certain other 
nutrient elements and that they must be available 
in proper proportions. Progress is continually 
being made in determining the peculiar require- 
ments of various kinds of soil and plants. 

Plants, however, also require minute quantities 
of boron, copper, sulfur, manganese, zinc, and 
certain other elements for normal growth. Only a 
few parts in a million parts of soil may be neces- 
sary, but sometimes they are very necessary. The 
causes of many mysterious and destructive defi- 
ciency diseases of plants have been revealed by 
increasing knowledge regarding the role of these 
minor elements. Thus, a dry rot of sugar beets 
and certain other plants is now known to be 
caused by lack of boron and can easily be pre- 
vented by supplying it to the soil. Likewise, the 
internal cork of apples, internal browning of cauli- 
flower, top rot of tobacco, and cracked stem of 
celery can all be prevented by adding small 
amounts of boron to the soil. A slight excess, on 
the other hand, is deleterious. Deficiency of copper 
causes wilting of the upper leaves of tobacco and 
unthriftiness of certain other plants. The addition 
of small amounts of manganese to certain soils 
makes the difference between a good crop of 
tomatoes and virtual crop failure. Deficiencies of 
iron, copper, and cobalt in soils are known to re- 
tard the development of cattle that feed on plants 
grown on such soils. Until recently these minor 
elements were not added to commercial fertilizers, 
but now, with more precise information, attempts 
are being made to add them in the proper amounts. 
The complicated relationships between the minor 
elements and soil productivity and the effects on 
plant growth and animal nutrition are strikingly 
depicted in a book compiled and published by the 
Chilean Nitrate Educational ‘Bureau, Inc., New 
York (Bibliography of the Literature on the 
Minor Elements and their Relation to Plant and 
Animal Nutrition, 4th ed., Vol. I. Pp. 1,037). 
The abstracts were originally obtained from scien- 
tific journals and have been put into one volume 
for the convenience of investigators. Even casual 
perusal of the titles and contents of the 10,000 
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abstracts indicates the complexity of the problems, 
the magnitude of the work involved in attempting 
to solve them, and the prodigious amount of in- 
formation that has already been obtained. 

Minute quantities of certain elements in soils 
may be poisonous to plants or animals. Among 
them are arsenic, selenium, thalium, and molyb- 
denum. The mystery of the so-called alkali dis- 
ease is now solved. Beginning about the middle 
of the nineteenth century, it was observed that 
animals in certain areas of the range country of 
western United States became debilitated and 
often died in large numbers. Many causes were 
assumed, among them alkali poisoning. It was 
not until 1928 that it was found that the disease 
appeared when animals ate grain or forage pro- 
duced in certain areas. This led to the discovery 
that the poisonous vegetation contained small 
amounts of selenium, that concentrations of one 
part per million might kill animals, and that some 
plants take up the selenium from the soil and 
others do not. The selenium-bearing soils are 
dangerous when there is not enough rainfall or 
irrigation water to wash out the selenium. 

The soil is a vast chemical and physical labora- 
tory and a beehive of microbial activity. Bacteria, 
fungi, protozoa, and other forms of plant and 
animal life help make the soil what it is. Micro- 
organisms decompose plant residues, thus fur- 
nishing humus; some enrich the soil by fixing 
atmospheric nitrogen, either as symbionts in the 
nodules on roots of legumes or as free-living 
forms; some parasitize the roots of higher plants. 
There are many kinds, with many kinds of inter- 
relationships. A struggle for existence is going on 
continuously, with consequent shifts in the rela- 
tive numbers of each kind of organism. Some are 
mutually beneficial; others are antagonistic. The 
total and relative numbers are affected also by 
soil fertilization, cultivation, and other tillage 
practices. Soil microbiologists are continually 
studying the activities of these microorganisms 
and finding out what can be done to promote the 
activity of those that help make soil a suitable 
medium for plant growth. 

Even when the best varieties are grown on the 
best soils, crop plants still are subject to the 
destructive effects of unfavorable weather, insect 
pests, and plant diseases. There are violent fluctua- 
tions in total production of many crops because 
of winter injury, droughts, floods, hail, and heavy 
winds. The principal food crops of the United 
States are grown in a region in which the weather 
is continental, with extremes of temperature and 
wide variations in rainfall. In the upper Missis- 
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sippi Basin an annual range of 150° in temper, 
ture is not uncommon. In this area, the rare ;; 
a single state has been as great as 160°. Su 
temperatures of more than 100° F. are commo; 
in many areas. Such temperatures, especially \ 
combined with low humidity and high wind \ 
locity, often cause severe injury to the mo; 
heat- and drought-resistant plants. Extreme 
low winter temperatures under some condition; 
may cause severe and extensive winter injury | 
fall-sown grains and perennial forage crops. Thy 
terrible drought years of the 1930s created n 
only visions of deserts but actual deserts. Sma 
wonder that acute problems of agricultural e 
nomics and sociology result from such violent fi 
uations in production. The annual production | 
wheat in Kansas has varied from more than 2) 
million bushels to less than 60 million; that ;; 
North Dakota from more than 150 million : 
about 20 million; that for the country as a whol 
from more than a billion to less than half a billio: 
In 1932 we produced almost 3 billion bushels | 
corn; in 1933, less than 2.5 billion; and, in 1934 
only about 1.5 billion. In 1946 the productic: 
was about 3.2 billion bushels, but bad weather 
reduced it to 2.4 billion in 1947, 

Although science has not yet learned to contr 
weather, it has helped reduce its destructive 
fects by providing better-adapted varieties 
plants and better tillage methods. The substitutio: 
of sorghums for corn in the drier parts of th 
Great Plains, and of hardier varieties of whea 
for less hardy varieties in much of the Grew 
Plains area, has helped greatly to ensure pro- 
duction. The continual introduction or productio: 
of better winter-hardy and drought-resistan 
grains, perennial forage grasses, and legumes \: 
helping to ensure and stabilize production. Ever 
the production of nonshattering varieties of gra! 
has reduced grain losses and made possible thi 
use of combines, which cut and thresh the grat 
‘nN one operation, thus saving a great amount 0! 
labor. The development of varieties that resis 
unfavorable weather has been of value to pro- 
duction even in those areas where weather is 1 
usually severe. This, and the development of so! 
management practices appropriate to the regior 
have made possible the expansion of agricultur 
to the western belt of the Great Plains area, thu 
making millions of additional acres available {or 
producing foods and feeds. 

Insects, like weather, may cause devastating 
damage in a short time. Hordes of grasshopper: 
have often ruined the crops over wide areas 
Chinch bugs, the Hessian fly, the cotton boll wee- 
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vil, the Japanese beetle, and many other insects 
can debilitate or destroy plants on a large scale. 
Great progress has been made in efficiency and 
economy of controlling many of these insects. The 
cotton boll weevil, for example, which almost 
ruined the cotton industry in large areas of the 
has been brought under reasonable control 
} by a combination of suitable varieties and airplane 
dusting with insecticidal dusts. Varieties of wheat 
have been produced that are far more resistant to 
Tthe Hessian fly and chinch bugs than those 
F{ormerly grown. There has been a remarkable 
F record of achievement in the production of more 
? effective insecticides, such as the well-known DDT 
and others. But many of these insecticides bring 
}with them new problems, for they may be in- 
} jurious to certain kinds of plants and may poison 
the soil when used in large quantities. They may 
even be dangerous to man when not completely 
removed from fruits and vegetables. There still 
is urgent need for extensive research on the better 
control of insects. 

At best the situation with respect to insects is 
bad enough, but new ones are periodically intro- 
duced into the country despite the best protective 
W efforts of Federal and state plant-quarantine ser- 
vices. The introduction of the Japanese beetle and 
the European corn borer are recent examples of 
destructive insects that were imported into the 
United States by man. Scientists in general realize 
} the dangers of introducing new insect pests, and 
governmental agencies are doing what they can 
# to prevent it. Public apathy, ignorance, or per- 
# verseness, however, often nullify their efforts. 
There must be wider appreciation of the im- 
portance of the plant-quarantine regulations. 

Plant diseases caused by viruses, bacteria, and 
fungi are a continual menace to all kinds of crop 
plants. Some of the most destructive and typically 
epidemic, such as the rusts of wheat and other small 
grains and the late blight of potatoes and tomatoes, 
can spread with frightening rapidity and devastat- 
ing effect. 

As an example, stem rust of wheat and other 
grains and grasses is caused by a fungus that 
multiplies by means of several kinds of spores. 
Those that spread the disease from wheat to 
wheat are cylindrical in shape and about 0.001 
inch in length. On a single acre of moderately 
rusted wheat there are about 10,000 billion of 
them, and they can be carried far and wide by 
the wind. During a period of moderate to strong 
south winds in 1925, countless numbers were 
blown northward from Texas, Oklahoma, and 
southern Kansas and in a week infected an area 
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of 250,000 square miles. The individual farmer is 
helpless to prevent the spread of these invisible 
enemies, and so is everyone else. About 40 years 
ago, plant scientists, therefore, began an intensive 
search for resistant varieties. Extensive testing 
and breeding work was done, and a number of 
resistant varieties were produced, only to lose 
their rust resistance in some places and at certain 
times. Intensive study of the rust finally revealed 
the fact that it was carrying on an extensive 
breeding program of its own and that there are 
varieties of stem rust just as there are varieties 
of wheat, except that the rust varieties are micro- 
scopic in size and therefore harder to recognize. 
Later it was found that within the varieties there 
are rust races that can be distinguished only by 
their parasitic effects on varieties of wheat and 
other grains. More than 200 races of the wheat 
variety of stem rust are now known. A wheat 
variety may be immune from some races, moder- 
ately resistant to others, and completely susceptible 
to still others. As the prevalence of races may 
vary from place to place and from year to year, 
a wheat variety may be resistant here but not 
there, and then but not now. Worse still, new 
races are produced continually by a process of 
hybridization between existing races, for the rust 
fungus, like wheat, has a sexual stage. Fortunately, 
the sexual stage can develop only on a relatively 
useless plant, the common barberry; hence the 
barberry-eradication campaign, which has reduced 
the number of races and delayed the onset of rust 
early in the growing season in the northern half 
of the United States. As rust can exist independ- 
ently of barberries in certain areas of southern 
United States and Mexico and then spread north- 
ward in the spring and early summer, barberry 
eradication must be supplemented by the use of 
resistant varieties of wheat and other grains to 
attain practical control of the rust. It has, how- 
ever, been impossible to eradicate all barberries, 
and numerous new rust races are continually 
being produced, especially in some of the eastern 
and northeastern states and in certain other areas 
where barberries are still numerous. Some of 
these races are much more virulent than those 
now prevalent in grain-growing areas. It is pos- 
sible, but not certain, that some of these virulent 


races may increase, become established, and at- 
tack varieties that are now resistant. Accordingly, 
plant scientists are trying to prepare against pos- 
sible future emergencies by making extensive 
series of crosses in an attempt to produce varieties 


that can resist all races of rust now known, 


whether important at present or not. 
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Crop plants are continuously threatened by 

myriads of pathogenic organisms. There are 
thousands of species, varieties, and races. More 
than 3,000 species of plant rusts are known. Each 
species of pathogen may comprise numerous races, 
and new ones are continually being produced by 
natural processes of mutation and hybridization. 
Even though only a relatively small percentage of 
the new ones may be more dangerous than those 
now in existence, past experience shows clearly 
the imperative necessity for continually being on 
the alert to detect evidence of the presence of new 
diseases or new forms of old ones, so that they 
may not become established before science has 
provided the basis for controlling them. 

Despite many difficulties, great progress has 
been made in controlling plant diseases. The pro- 
duction and utilization of resistant varieties of 
plants, even though they may be of only temporary 
or regional value, have greatly reduced the danger 
of catastrophe from plant-disease epidemics. More- 
over, many diseases can be controlled at least fairly 
well by appropriate crop rotations, the treatment 
of seeds and other propagative plant parts with 
fungicidal chemicals, and the spraying or dusting 
of growing plants with similar substances. 
During the past 30 years improvement in 
fungicides has paralleled that in insecticides. 
Merely as one indication of the value of devising 
proper seed disinfectants and methods for applying 
them is the fact that the treatment of seed corn to 
prevent the rotting of seed and the development 
of seedling blights and certain other diseases some- 
times results in almost as great an increase in 
yields as that resulting from the use of hybrid corn. 

Man himself has often changed plant-disease 
situations to his own detriment. Some of the most 
destructive diseases that occur in virtually every 
country of the world are there because man brought 
them there. He brought them on the propagative 
parts of plants, on packing materials, and in in- 
numerable other ways. The ravages of the chestnut 
blight, white pine blister rust, citrus canker, and 
Dutch elm disease in the United States are a few 
spectacular examples of the danger of introducing 
into one part of the world pathogens relatively 
unimportant in their native habitat, which became 
extremely destructive when taken to a new climatic 
or biotic environment, Experiences with imported 
plant diseases strongly reinforce what has been said 
in connection with insects about the urgent neces- 
sity of adequate plant quarantines. 


When once soil, weather, and man have com- 
bined to produce good plants, as scientifically as 
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possible, the problem of the proper utilization 
the plant products still remains. As animal p; 
duction is one of the most important phases 4; 
agriculture, the methods of conversion of feed an; 
forage into meat and milk and other animal pr 
ucts should be as scientific as possible. To ¢ 
tail the progress that has been made in aniny 
nutrition would be impossible in an article of th, 
length. Efficiency is dependent partly on the breed, 
of animals used and on the way in which they a: 
fed. No one needs to be reminded that the sery 
cattle on scrub pastures of a few years ago wer 
considered to be doing well to produce 800 pound. 
of beef in 3 or 4 years. With the modern be 
breeds, a steer is expected to attain a weight o' 
1,000 pounds in 12—18 months, depending on ho 
and what he is fed. It is estimated that the ef 
ciency of animal production has increased abou: 
25 percent since the end of World War I. This 
due principally to animal improvement and mor 
scientific feeding. 

Continual progress is being made in learnin 
more about the nutritional requirements of differ 
ent kinds of farm animals and the reasons wh 
feed or forage from certain regions often give 


better results than that from others. Phosphorw 


deficiency is a fairly common disorder, and th 
addition of 6-14 grams of phosphorus a day 1 


feed for calves and cows in southern Texas ha 


had remarkable results. Animals, like plants, 1 
quire some of the minor elements and sometime: 
suffer from deficiency. Copper, cobalt, and manga 
nese, for example, are all needed. Cobalt deficienc 
is not uncommon in some areas of the Unite’ 
States, particularly in the southeastern states, 
certain localities of the Lake states, and in th 
Northeast. The addition of one ounce of cobul 
sulphate to each hundred pounds of feed has r 
lieved emaciated cattle from their unthrifty co 
dition. Scientific feeding of animals is becoming 
more and more scientific. 

Evidence is accumulating that crossbreed' 
of animals may result in improved vigor an’ 
quality. Progress is slower in breeding anima’ 
than with plants, but progress so far made wit 
beef cattle, swine, sheep, dairy cattle, and poultr 
shows clearly that desired combinations of qualiti« 
can be obtained. New breeds of pigs made | 
order for lean bacon, or for lard, or for hams © 
a certain size already have been produced. 1h 
Columbia breed of sheep has been developed by t": 
Department of Agriculture as a result of cros* 
breeding between the Lincoln and Rambouille 
followed by inbreeding to fix the type. The nev 
breed combines the mutton- and wool-producins 
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es of the two parents into a single dual- 
se animal. Crossbreeding Zebu and Aber- 
\ngus cattle to produce animals that can 
in the subtropical climate of the Gulf states 
Gs in progress. Hybrid corn; why not hybrid 


nimals ? 
One of the great advances in animal production 
as been the development of methods of artificial 
Bysemination so that the beneficial influence of 
Ruperior sires may be more widely diffused. 
Increased knowledge of animal diseases has kept 
ie disease hazard within reasonable limits in the 
‘nited States for a number of years. Hog cholera, 
which in 1897 killed one pig in seven in the United 
tates, is still present but is now controlled by 
accination. Other diseases, such as anthrax, bru- 
Tellosis, swine erysipelas, tuberculosis, and masti- 
His, have been kept under reasonable control by 
® combination of sanitary procedures, the use of 
-aecines, and of drugs such as the sulfa drugs and 
enicillin. Foot-and-mouth disease, which ap- 
eared in limited areas in this country in the 
®ast, has been eradicated and then kept out by 
Wppropriate quarantine measures. It has, however, 
een introduced into Mexico recently and has 
read rapidly. Whether it will be introduced into 
he United States again cannot be predicted, but 
Every effort is being made to exclude it. Veteri- 
arians are of course confronted with new situations 
esulting from the appearance of new diseases. 
ne example is the destructive Newcastle disease 
pf poultry, which was first found in the United 
ates in 1944, How it got here is not known, 
mut extensive research is being done in an attempt 
Mo devise satisfactory control measures. 


An attempt has been made to give some idea of 
he service of science to agriculture, and to in- 
icate especially progress between the two world 
Wwars. The complete potential of a country may be 
“Fstimated, but it is seldom used in a country like 
Bhe United States except in times of extreme 
Fess. Just as science serves agriculture, so must 
Periculture serve the nation. As one phase of 
ational preparedness, we must make sure that 
bgticulture is in sound condition. Science should 
herefore help to formulate agricultural policies 
ased on facts instead of fancies, on sound judg- 
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ment instead of hysteria and prejudice. Science in 
the service of agriculture may help provide per- 
spective in attitudes and actions. The following, 
written in 1936, is pertinent: 


A few years ago we heard much about the increasing 
difficulty of producing this The 
population was increasing rapidly because of immigra 
tion and a relatively high birth rate, industrialization and 
urbanization were proceeding rapidly, the standard of 
living was rising, and it seemed that there might soon 
be too many mouths to feed. The doctrine was preached 
that we might soon be pressing heavily on means of sub 
sistence. Then, with kaleidoscopic suddenness, there came 
a change. We heard we were producing more than we 
could consume, that agricultural production had out 
stripped consumption. Agricultural scientists even were 
blamed for having shown how to increase the efficiency 
of production without having considered what was to be 
done with the increased amount that was produced. We 
ploughed cotton under; we killed pigs; we took land out 
of production, and many popular prophets wanted to take 
agricultural scientists out of production, too. Then came 
Drought, insect plagues and plant disease 


enough in country 


bad seasons: 
epidemics reminded us forcibly that farming deals with 
living things and that there are tremendous climatic and 
biotic factors before the destructive fury of which mere 
man is pathetically helpless. A farm is not a factory; it 
is a place where living things are encouraged to grow. 
And nature, not man, is the final arbiter as to the amount 
we will produce. Man has not yet completed his con- 
quest of nature; nature can upset man’s little calculations 
with astounding suddenness. Now we again hear little 
about overproduction but we hear much about the necessity 
of maintaining reserves. First the country is glutted with 
people, then it is glutted with food, and I suppose it is 
always glutted with talk, including mine. Have opinions 
merely changed or have situations changed? Both. (164th 
dinner, The New York Farmers.) 

What changes in a decade! It will be interesting 
to continue the statement ten years hence. More 
science is urgently needed; and ethics could 
help, also. 


To avoid diffuseness and glittering generalities, 
this discussion has dealt largely with the im- 
portance of agriculture in the United States. What 
has been said has equal relevance to international 
questions in agriculture. Can we develop a scien- 
tific and ethical attitude toward global problems 
of human subsistence? Until we do we can hardly 
expect to see the emergence of One World. And 
if we wish to attain this goal we shall have to 
face facts and alleviate desperate situations with 
scientific realism and true justice. 








A CONTINUED SEARCH FOR THE BEGINNING 
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KANT’S NEBULAR THEORY—1755 

N EARLY attempt to account scientifically 

for the sun and its family of planets was 

made about the middle of the eighteenth 
century by the great German philosopher Immanuel 
Kant. This was the first of such theories to seem 
plausible enough, and to be worked out in sufficient 
detail, to attract much attention. 

The keen, analytical mind of Kant started with 
a great unorganized nebula at rest in space. An 
English book published a little earlier by Thomas 
Wright had suggested that the solar system might 
have resulted from a nebulous mass of matter such 
as the telescopes of that day revealed in some 
places in the sky. This thought, though it received 
little public attention, acted as a trigger to Kant’s 
lively imagination. He thought out the steps by 
which it seemed probable to him that a nebula might 
change to a family of planets, with a sun at their 
center, and published his theory anonymously un- 
der the title Natural History of the Universe. 

The Philosopher was not trained in physical 
science, but he knew the more common laws of 
chemistry and physics. He pictured the molecules 
of gas as being drawn to each other by chemical 
and gravitational attraction. This would set up 
motion in the mass, and the smaller particles would 
be drawn into combination with the larger ones. 
Litile clusters that formed in this way would grow 
larger and larger, as snowballs increase, until 
finally the sun and the planets would be formed. 

Kant’s theory was in violation of laws of dy- 
namics that forbid the developing of itself of any 
circulatory motion like that of the planets from a 
nebula originally at rest. Even if such a system 
possesses some circling motion to begin with, the 
amount of such motion (the “moment of momen- 
tum”) can never become more nor less without 
help from the outside. 

Kant’s a priori reasoning did not stop with a 
consideration of inert matter, for he pictured man 
as developing on other planets than the earth. He 
thought the outer planets, being formed first, would 
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have a higher type of life than the earth. He q 
parently did not take into account the fact that; 
planet so remote from the sun as Saturn, the ov. 
ermost one then known, would receive only aboy 
1 percent as much heat as the earth does, and ; 
consequence its temperature would make life « 
we know it impossible. The natural state of wate 
on Saturn would be the solid form, and liqu 
water would be as much a novelty as liquid lea 
or iron is with us. 

Kant’s theory never produced much effect excep 
in the nature of opposition to it. He was a keer. 
minded philosopher, but he was not a physicist. 


THE NEBULAR HYPOTHESIS OF LAPLACE—179 


Nearly half a century after Kant published his 
discussion of a nebular origin of the sun ani 
planets, Laplace, the greatest of French mathe. 
maticians, also starting with a nebula, proposed 
theory that captured and held the field of cos- 
mogony for a hundred years. In some respects 
Laplace’s nebular hypothesis, as it is called, was 
similar to that of Kant. But he assumed that thi 
original nebula from which the solar system de- 
veloped had already some rotary motion. Thi 
would explain the fact that the planets now @ 
revolve around the sun in the same direction an 
nearly in the same plane. 

Although Laplace was both a mathematician an‘ 
a physicist, he admitted that his hypothesis wa: 
based on neither observation nor calculation. It 
was originally published rather obscurely in an ap- 
pendix to a popular book on astronomy. Never- 
theless, there have been few advances in science 
that have aroused so much general interest an( 
valuable discussion. Kant’s theory had not onl 
laid the groundwork for Laplace’s theory, but the 
discussions of it prepared the public mind for ac 
cepting the theory of Laplace. 

Laplace’s nebular hypothesis did indeed help t 
explain most of the peculiarities of the solar sys 
tem. The heat of the sun, for example, could be 
accounted for, as Helmholtz pointed out in 18%, 
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eradual increase of pressure as the matter 
@ithin the widespread nebula contracted. Contrac- 
on against internal pressure produces heat. 

The chief new points in Laplace’s theory as com- 
ared with that of Kant were: (1) Laplace started 

®ith a nebula of very high temperature, slowly 
tating. The loss of heat by radiation caused it to 
tract, and the motion of the planets around the 
un could be accounted for. (2) Laplace assumed 
without careful analysis of the matter) that as 
1e mass contracted a condition would be reached 

t which centrifugal effect at the equator, working 
yainst contraction, would just balance and offset 
Bhe inward force of gravitation. He thought that 
®n further contraction of the inner mass a ring 
Mould be left behind and that the part within the 

ing would continue to shrink and leave a space 

etween the ring and the main mass within. He 
@ssumed that in the course of time the ring would 
Bollect into a planet. After further contraction, an- 
Mther such point of balance would be reached, and 
B ring, later changing to a planet, would form; 
Bnd so the process would go on until all the planets 
Here made and the rest of the material had con- 
Wensed to a sun at the center. 

Two objections to this assumption of rings are 
ow known: first, that such a ring, if gaseous, 
ould dissipate rather than solidify into a planet, 
or the expansive force of the gas would be greater 

@han the power of so small a mass to hold it by 
@ttraction; second, after a ring began to form it 
Would be continuous instead of a succession of 
@ings. If the rings were made of solid particles in- 
Btead of gas, the result would be a thin disk, like 
paturn’s ring. (The gaps in Saturn’s rings have 
been supposed to result from the disturbing attrac- 
ion of Saturn’s satellites. ) 

Another fatal error in the nebular hypothesis is 
}gound in the quantity of circular motion (“moment 
‘pf momentum”) of the planets as compared with 
'#he motion of the sun rotating on its axis, There 
S no way of explaining why the planets, which 
“Pave only about one seventh of 1 percent of the 
otal mass of the solar system, have about 98 per- 
ent of this quantity of motion, whereas the im- 
Mrensely greater sun has only 2 percent. (The 
“Buantity of circular motion of a body is the product 
“@i its mass, the velocity at which it moves, and its 
@istance from the center, mur.) 

The rock upon which the nebular hypothesis was 
inally wrecked was one of the very arguments 

at had been considered a strong point in its sup- 
port, the fact that the heat of the sun could be 
kccounted for by compression as it contracted. But 

1s argument failed, for it gave a method by which 
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the entire time that the sun had been shining at 
its present rate could be calculated. It placed the 
too-short limit of 25 million years on the past life- 
time of the sun, assuming that compression was 
its only source of heat—and no other source was 
then known. 


THE PLANETESIMAL HYPOTHESIS OF CHAMBERLIN 
AND MOULTON—1900 


In 1899 T. C. Chamberlin, head of the Depart 
ment of Geology at the University of Chicago, be- 
came convinced that geological evidence gave proof 
that the earth itself, to say nothing of the sun, is 
far older than this limit of 25 million years. (It 
is now inferred from the character of radioactive 
rocks that the earth has been at its present size 
for 2 billion years. ) 

In 1900 Chamberlin and his associate, F. R. 
Moulton, in the Astronomy Department of the 
University of Chicago, undertook a_ thorough 
analysis of the nebular hypothesis to determine 
whether it gave a satisfactory explanation of the 
known facts relating to the age of the earth. It was 
found that there was no way in which the present 
system of planets could have acquired their great 
rotational momentum leaving in the immensely 
more massive sun only enough to account for the 
present slow rotation of the sun. They concluded 
that some outside influence was necessary to ex- 
plain the existing revolutions of planets and rota- 
tion of the sun.’ They pictured a passing star as 
furnishing the disturbing force of attraction that 
resulted in the present system of sun and planets— 
that drew them from the sun and endowed them 
with rapid motion in nearly concentric orbits 
around their still slowly rotating central sun. 

As such a star approached the sun from a great 
distance it began to raise a tide in the gaseous ma- 
terial of which the sun is composed, as the moon 
raises a tide in the ocean. The tide would mount 
higher and higher as the star came nearer, and its 
growth would be aided by the eruptive forces in 
the sun that now cause prominences hundreds of 
thousands of miles above the sun’s surface. These 
star tides would be far greater than our moon 
tides, for a star as great as the sun would have 27 
million times as much mass as the moon and cor- 
respondingly more attractive force at any given 
distance. 

As the star swept by the sun, at perhaps no 
greater distance than some of our planets are now, 
the material drawn out toward it would be at- 
tracted by the star and so would be given the cross- 
motion with reference to the sun that the planets 
have. The orbital motion of the planets would thus 
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be accounted for. But, falling behind the fast-mov- 
ing star, the scattered material of all sizes of parti- 
cles, from molecules to partly grown planets, 
would be drawn around the sun in obedience to 
the sun’s gravitational force. The visiting star 
would go on its way, doubtless taking with it ma- 
terial similarly drawn out from it by the sun, which 
it could use for making a family of planets. Long 
ago it would have become indistinguishable, as 
seen from the earth, from any other star. The 
larger masses of matter going around the sun 
would sweep up the smaller particles and grow to 
be the planets, in the course of time, as they now 
are, 

This theory was called by its authors “The 
Planetesimal Hypothesis,” from the word “planet” 
and an ending that suggests the various sizes of 
the innumerable particles composing the material 
as it was when first drawn off from the sun. Cham- 
berlin and Moulton in using the word “hypothesis” 
indicated that the great question regarding the 
origin of planets has yet to be settled beyond 
question, 

Among others who have suggested modifications 
of the two-star theory, Sir James Jeans, in 1918, 
proposed his somewhat different version of the 
same story under the title “The Tidal Theory.” 
The visiting star of Jeans’ tidal theory came at an 
earlier time, when the sun was vastly more ex- 
panded, and he emphasized the effect of tides rather 
than of solar eruptions. 

Then, too, H. N. Russell, of Princeton Univer- 
sity, criticized the entire theory that material so 
drawn off from the sun could have condensed into 
planets that would have remained with the sun. 
Lyman Spitzer, following this thought, has shown 
that if material to make the planets were removed 
from the sun some of it would have come from a 
depth at which its temperature would have been 
around 10,000,000° F. He found by computation 
that such highly heated gas raised suddenly by a 
passing star out of the sun, where the sun’s power- 
ful gravitational force had kept it from expanding, 
would, upon release, expand with terrifically ex- 
plosive effect. Most of the gas would have been 
blown entirely away from the region of the solar 
system, and what was left would be in the form 
of a tenuous gas that could hardly be expected to 
condense into planets. 

By way of illustration, if we will merely con- 
sider an auto tire blowout, where a break in the 
casing gives the air goom to expand, we can get 
some faint conception of an explosion of gas at 
millions of degrees, suddenly lifted out of the sun 
and given elbow room to expand. The break in the 
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rubber would only reduce the pressure on 
within from about three atmospheres t 
Pressure in even the surface of the sun is « 
by a gravitational force 28 times as great 
earth’s downward pull. The temperature of th 


in the tire causing its outward push is only aly 


300 centigrade degrees above absolute zero; 
pare the energy of gas at such a temperature \ 
the energy of solar gases at thousands or millic; 
of degrees. We scarcely need computation to realiz 
the effect! As the English geophysicist Harold Je! 
freys remarks, the great difficulty is “to explain th 


fact that the solar system exists at all,” and th 


“the great trouble is to find even a single solutic: 
with any degree of probability whatever.” 


That an event happening some 2 billion year; 


ago, as indicated by analysis of certain radioacti 
minerals in the geologically ancient rocks, shox! 
be well-nigh impossible to trace in detail is t 
only comprehensible thing about the problem. \\i 
the rapid modern increase in scientific knowleds 
it is not surprising that in time theories prove mo 


or less unsatisfactory, and that new ones are py 


forth. The most recent of these theories, announc 


early in 1948, gives promise of possible succes 


and of certain vigorous discussion. This is ¢ 


“Dust Cloud Theory” and is sponsored by Frei 


Whipple, astronomer at the Harvard Observator 


THE DUST CLOUD THEORY OF WHIPPLE—19%48 


Ever since the photographs and the argument: 


of the late E. E. Barnard, of the Yerkes Observa 


tory, proved the presence of vast quantities ¢' 
opaque obscuring matter in the Milky Way, dus 
has been a major problem with which the astrono- 


mer must wrestle. For example, earlier estimates | 


distances that were based on the falling off of lig! 
coming from stars of known intrinsic brightnes 


had to be reduced when it was found that a go 
part of the dimness resulted, not from distance: 
but from the passage of the light through du: 


t} 


clouds. This has been notably the case where tht 


line of sight led through the Milky Way. Indeed 


the original measurements of the total width of ou’ 


disk-shaped stellar system have been reduced fro 
about 300,000 light-years to 100,000 or less. 


The Dutch astronomer J. H. Oort, who deve: 
oped the method of measuring the rotation of, 0w! 


¢ 


stellar galaxy, has calculated the amount of inter: 


stellar matter, both dust and gas, to be as grea 


as the total quantity of material in the stars then: 
selves. A part of the gas, and doubtless all the soi 


matter, are already put together as compound 


What could be better building material for sta‘ 


and planets ? 
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Bui aside from such a priori logic there are some 
pservational evidence and calculations that make 
Vhipple’s dust cloud theory seem highly probable. 
Morcover, though there has been too little time 
ince it was first proposed to have all its implica- 
ions followed out to definite conclusions, this dust 
loud theory seems to be freer from questionable 
eatures than earlier theories. 

The important principle in this theory, on which 
o base an explanation of the formation of stars and 
anets from a dark nebula, is that light exerts a 
ressure against whatever it strikes. The stellar 
system is full of crisscrossing starlight radiated 


“Bn all directions from the estimated 100 billion or 


o stars of all degrees of brightness, some of them 


Bmore brilliant, some less so, than the sun. 


To Lyman Spitzer, of Princeton, is attributed 


he suggestion that light pressure could be the 


force that collects dust particles into cosmic clouds. 


This was a very important step in the theory that 


wressure of light may have been the initiating force 


Wby which particles of matter were driven together 
#to form not only clouds, but stars and planets as 
well. 


Radiation pressure of the sun upon the earth is 


Bless than 0.5 milligram per square yard. But this 


amounts to 2.6 pounds per square mile, and to 


965,000 tons against the whole side of the earth 
Wiacing the sun. This could cause no measurable 


effect upon the motion of the earth tending to 


Prive it farther away from the sun. 
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Suppose starlight pressure to be equal from all directions 
acting on a particle alone in space. Two particles close 
together would be protected on one side by each other’s 
shadow and so driven together by unequal pressures. The 
mutual shadow is analogous to a partial vacuum sur- 
rounded hy air pressure. 
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Although light pressure is so slight that its 
effect is unnoticeable upon large objects, it is ap- 
parently this force that acts strongly enough upon 
the fine particles of which a comet's tail is made 
so that, after the material has once been ejected 
from the head, the tail points away from the sun 
(no matter whether the comet is moving toward 
the sun or away from it), as if a wind from the 


\ 


# 
r 


The larger of two particles is less protected from light 
pressure than the smaller particle. Small particles in 
nebula are therefore engulfed by larger ones. 
sun were blowing the light material. Light would 
naturally have an effect like this on the dust of a 
nebula among the stars. From indications of their 
light-scattering effect, the particles of a cloud are 
estimated to average about 1/50,000 inch in diam- 
eter. But because of the greater distance of the 
stars from the clouds the effect of any one star 
would be less than that of sunshine on the rela- 
tively close comet. 

How can light pressure coming from all direc- 
tions bring even two adjacent particles closer to 
gether, to say nothing of helping to build dust 
clouds, stars, and planets out of such particles? We 
must remember that, if light falls on one side of a 
particle from a star in any certain direction, then 
on the other side of the particle there will be its 
shadow, so far as that star is concerned. Another 
particle near by in line with the shadow may be 
held in balance in all other directions by light com- 
ing from other stars, but there will be no pressure 
on this particle coming from the star behind the 
one that casts the shadow, for that star’s light does 
not reach the shadowed particle. Hence the particle 
will yield to this unequal pressure and will tend 
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the same as the attractive force that a vacty 
seems to exert. When a vacuum is created every. 
thing around rushes into it. The explanation ; 
similar, also. Pressure being removed from 
side allows the air pressure or light pressure 0». 
the other side to exert itself in that direction. Th, 
vacuum and the shadow tend to become fille; 
Thus, light pressure from all directions tends ; 
bring scattered particles closer together and j 
time form a denser and denser and large: 
larger dust cloud. 

The next important step in the changing of su 
a developing cloud into a star or a planet wou! 
be when the mass forced together by light pres. 
sure became so great and so dense that its grayi- 


to move into the shadow. Indeed, any two parti- 
cles close together will each have a shadow thrown 
out toward the other star; they will each cut off 
light coming from opposite directions. The parti- 
cles will therefore be mutually impelled toward 
each other. 

In time the two particles should coalesce and 
become one. Their shadow, being larger than the 
shadow of a single particle, will have more power 
of drawing to it other surrounding particles, and 
so in time a larger and larger nucleus will be built 
up. As yet no detailed theoretical study has been 
made of this final phase of the nebula’s collapse 
into sun and planets. 

The apparent attractive force of a shadow is 
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30,000 a.u. 


| In a nebula having little or no rotary motion about its center, gravitational forces may yet develop individual 
group motions in many directions. The largest group of particles (the Proto-plancts), having a common and domi 
nant motion, would grow as it swept up lesser groups of different motion. 
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Fel 

tational attraction toward its center would become 
stronger than the force of light pressure around the 
cloud, Then the outer part would be left behind 
as gravitation made the inner port:on shrink away 
from it toward the common center. Assuming that 
we start with a dust cloud having the mass of our 


it can be calculated that this gravitational pull 


sun, 


S\yould become greater than the outer pressure of 


starlight when the size of the cloud had become 
about 1,500 times the s.ze of our present so.ar 
system. 

~ At this point in the process of the nebula’s con- 
traction we must begin to think of the possibility 


of some of the outer part condensing into a sys- 


tem of planets. Planets could grow from light pres- 
sure as the central sun did. So far there is no very 
decided concentration of matter at the center. Not 
much heat has been developed; the cloud as a 
whole has little if any rotary motion; neither is 
it homogeneous either in density or in what mo- 
tion there is of the various parts. Here and there 
in the outer portions the material has condensed 
into many fairly dense clusters of particles. These 
condensations are small as compared with the great 
central mass, and they move about in different 
directions. 

In the course of time these minor clusters cancel 
out each other’s motion by collision or close pas- 
sage and are gradually drawn into the central 
mass, the “proto-sun.’”’ But suppose one large and 
rapidly moving group of partially condensed 
bodies, the “proto-planets,” escaped destruction. 
It would continue to circle around the central mass, 
all its parts going in the same direction. Gradually 
these parts, the future planets, would spiral in- 
ward, more or less depending upon how much 
interference they encountered. This interference 
would put them at different distances from the 
central sun and would give them more and more 
nearly circular orbits, since friction tends to change 
elongated orbits into circles. The planetary orbits 
now are nearly circular. Likewise, the orbits are 
nearly in the same plane, a result that can be ex- 
pected from the fact that the planets are all de- 
scendants of one parent cluster of particles with a 
common dominant motion. Also, the inner side of 
each planet, the side toward the sun, would meet 
with more resistance, since the amount of stray 
material remaining would increase toward the cen- 
ter and hence more of this additional material 
would be swept up by the inner side of the planet. 
This would tend to give the planets a direction of 
rotation similar to their direction of revolution 
around the sun. 

During the comparatively short time of a few 


. 89 


hundred years, when the sun was reduced from 
the near its 
present size, great heat would have been developed 


about size of the solar system to 


by compression of the gases, always mingled with 
the solid matter of the nebula, and the gases made 
by the vaporization of all the solid dust particles 
as the temperature increased. In the last stages 
of collapse the sun’s temperature would rise to 
thousands of degrees at the surface and to mil- 
lions at the center. This intense heat would set 
off atomic changes that would have enabled the 
sun to mainta.n its temperature and rate of radia- 
tion by means of atomic energy without further 
help from compression. Masses of planets were too 
small to have reached temperatures that would 
release atomic energy. 

During the final few months or few years of the 
collapsing period, while the fiery atmosphere of 
the sun still extended out far enough to engulf 
the inner planets, the satellites of Mercury and of 
Venus, if they had satellites, would have boiled 
away, together with much of or all their atmos- 
pheres, and probably much of the mass of the 
planets themselves. The outer planets, as far out 
as can be observed, are well supplied with satellites, 
and most of them have vast quantities of atmos- 
phere. 

The earth, probably, did not escape this “bath 
of fire’ and was hot, perhaps molten. It is rela- 
tively devoid of hydrogen and helium and the 
lighter compounds of hydrogen, so abundant on 
Jupiter and Saturn. 

An observational evidence pointing toward the 
probable correctness of the dust cloud theory was 
noticed by Bart J. Bok, astronomer at the Har- 
vard Observatory. He called attention to the fact 
that there are many small, round, dark clouds 
among the vast, widely extended nebulae of the 
Milky Way. Upon measuring the angular sizes of 
these and estimating their density, Bok found that 
their masses are quite comparable with the masses 
of stars. These may be stars in the making. They 
had often been noticed before, but no significance 
had been attached to them. They fit well into the 
dust cloud theory. 

An advantage that a nebular theory has over a 
collision theory is that it goes back a step further 
into the past. It attempts to account for the sun 
as well as for the planets. But, in any case, whether 
we begin our theory after the sun had somewhat 
the form it now has or whether we go back to the 
parent nebula, we are still far from the very origin. 
Even a nebula is a more or less highly organized 
entity itself. It is made of dust and gas, and these 
in turn are made of molecules, or at least atoms. 
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And even an atom is a highly organized micro- 
cosm, consisting of matter and energy. 

Even after an atom is stripped of all its electrons, 
the central nucleus, still the same chemical element 
that it was, possesses properties that so far have 
defied explanation. What is the tremendous force 
by which the protons and neutrons of the nucleus 
are held together? One important step has been 
taken in man’s conquest of the nucleus: its parts 
can be separated or added to, to form other ele- 
ments, as was first done in 1919 by Sir Ernest 
Rutherford when he changed a few atoms of nitro- 
gen into oxygen, and later in a larger way by 
Ernest Lawrence, and finally on a commercial scale 
when at Chicago on December 2, 1942, a chain 
reaction was started in a graphite pile by a group 
of atomic-bomb experimenters. 
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The strange relationship between matter and ¢ 
ergy has been traced back far enough to find ¢} 


electrons, which seem to be particles of matte; 


behave like energy, which travels in waves. | 
stein’s famous equation, E 
the identity of matter with energy. 

However far toward origins the scientist n 
he can still see that he has not yet reached the ye; 


beginnings. If now or in some future time he my 


have accounted to the limit of his knowlede 
the stars and planets, the atoms and electrons, 


will still be in the realm of the finite. From the; 


he can but look, with Lowell, toward the Infinj: 
where 
behind the dim unkn 


Standeth God within the shadow, keeping watch above | 
own. 


Star Cloud in Scutum Sobieski. Contains the cluster M11. Arrows at top show globular cluster, 
those at bottom, dark circular nebulae. (Yerkes Observatory photograph.) 
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THE EXPLOITATION OF MINERAL RESOURCES* 


T. S. LOVERING 


Dr. Lovering (Ph.D., Minnesota, 1924) was professor of economic geology at the Uni- 


versity of Michigan ‘or many years and is now staff research geologist of the U 


~ 


b) 


Geological Survey. This article was prepared as one of a series of papers on “The 
World’s Natural Resources” presented at the AAAS Centennial Celebration in Wash- 


ington, D. C., September 13-17, 


HE search for minerals and the exploitation 
of rich deposits have contributed, and will 
continue to contribute, much toward direct- 
Bing the course of world powers. It is my hope that 
if we understand the social and political influence 
Bof mineral resources now, we may avoid the dis- 
Bastrous consequences of mineral depletion suffered 
by many once-powerful nations. The efficiency 
Band adaptability of an industrial civilization are 
clearly dependent on minerals as well as on men. 
In a sense minerals are the food of industry: iron 
and fuel are its chief sources of strength and en- 
ergy; but aluminum, copper, lead, and zinc are 
the “bone builders” essential to its growth, and 


manganese, chromium, nickel, molybdenum, tungs- 
ten, and many minor elements are metal vitamins 
bsolutely essential to its health. A few countries, 


including both the Soviet Union and the United 
States, have an abundance of iron and toal, but 
none has a satisfactory supply of all the essentials 
to the well-balanced diet. All suffer from a defi- 
ciency in some of the metal vitamins; the United 
States is quite dependent on foreign sources for 
manganese, chromium, nickel, tin, and _ several 
others. 

Mineral deposits have many unique character- 
istics. Their seemingly haphazard position is fixed 
by some geologic accident of the remote past and 
not by our convenience ; they are finite, nonrenew- 
able resources, and once taken from the ground 
there is no second crop; during exploitation the 
unit cost of production rises, especially as a de- 
posit nears exhaustion; continuing production re- 
quires discovery of new deposits—or extensions 
of known bodies, year after year; and, finally, 
most mineral products are either expended in their 
first use, as with coal and oil, or else last for dec- 
ades—even centuries—and may be reused over and 
over, as are iron and gold. The nonexpendables 
accumulate through the years in reservoirs of po- 
tential scrap. 

As some mineral deposits are found only in sedi- 


*Published by permission of the Director, U. S. 
Geological Survey. 
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mentary rocks and others only in close associa 
tion with igneous bodies, the rock formations ex- 
posed in a country suggest its probable mineral 
resources. Moreover, sedimentary deposits of the 
same age commonly contain similar deposits over 
wide areas, as witness the coals of the Carbonifer- 
ous period in North America and Europe, and the 
remarkably similar sedimentary iron ores of pre- 
Cambrian time in the Lake Superior region, north- 
ern India, eastern Brazil, and central Labrador. 

Ores related to igneous rocks show far less 
tendency to age correlation than do the sedimen- 
tary deposits; instead of a time relation, a geo- 
graphic localization is apparent, and many well- 
defined mineral provinces have been recognized 
in which the ores affiliated with igneous rocks are 
characterized by a certain suite of metals and the 
absence of others. In Bolivia tin is a common metal 
in the mineralized areas associated with quartz 
porphyries of Tertiary age; a large number of 
mineral districts in the United States are also 
associated with quartz porphyries of that age, but 
tin ore is completely lacking. 

The special conditions of environment and geog- 
raphy that cause peat, or salt, or bog iron beds 
to form today are restricted to small areas irregu- 
larly scattered about the globe ; so, in general, have 
they been in the geologic past. The haphazard posi- 
tion of present-day volcanoes in so-called volcanic 
belts suggests the unsystematic and restricted oc- 
currence of ores related to ancient igneous bodies. 
The spotty distribution of mineral deposits is most 
unfortunate for a disunited world; even such com- 
paratively well-distributed sedimentary formations 
as coal have a very erratic occurrence on our 
planet; South America, Africa, northern and 
southern Europe, and much of Asia contain almost 
no first-rate black coal; in contrast, about half the 
world’s reserves are concentrated in a small part 
of the United States. Mineral deposits genetically 
related to igneous rocks are, as a rule, even more 
localized. Some striking examples of this group 
are provided by nickel, molybdenum, and quartz 
crystal. Nearly all the world’s supply of nickel 
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comes from a single district in Canada; for many 
years a mine at Climax, Colorado, has produced 
most of the world’s molybdenum; and Brazil sup- 
plies virtually all the quartz crystal used. 

Examples of this sort could be multiplied many 
times. The inequality in the distribution of high- 
grade deposits of the different metals and minerals 
is tremendous and has profound economic, politi- 
cal, and social consequences. Civilization and cul- 
ture do not remain static; they advance or retro- 
gress. The exploitation of easily recovered mineral 
resources has commonly coincided with a period 
of national power; their depletion with national 
decline. Nothing should be clearer to a scientist, 
however, than the fallacy of the belief that “history 
repeats itself;” history is full of similarities and 
parallels, but not of repetitions. 

Although history does not repeat itself, a pattern 
may be seen in it that is well worth thought, 1f we 
wish to use history as a guide. I shall call attention 
very briefly to a few of many illustrations of the 
influence of mineral wealth on the rise and fall of 
nations. Human activity has been determined by 
the accident of mineral occurrence far more than 
most historians recognize. Flint was sought for 
the hunter, clay for the potter, metal for the 
wealthy, even at history’s dawn. Later, as tribes 
merged and nations evolved, liquidation of those 
quick assets of a country, its mineral wealth, 
yielded revenue that many times led to power. 

But commonly we fix our attention on the power, 
not on the ores in which it had its roots. The suc- 
cess of Alexander the Great came not alone from 
his genius, but from the well-equipped army with 
which he started his campaigns—equipment and 
men available because of the many thousands of 
talents of gold accruing to him and to his father 
from the Macedonian gold bonanzas. Some thirteen 
centuries later, the long-lived Rammelsberg silver 
mines, discovered about a.pD. 920, were a vital factor 
in the birth of the Holy Roman Empire; bullion 
from these mines provided both Henry the Fowler 
and Otto the Great with much of the capital used 
in their successful campaigns. Mineral deposits also 
contributed immeasurably to the expansion and 
power of ancient Egypt, the success of the explor- 
ing Phoenicians, the civic and military vigor of 
ancient Athens, the rise and fall of Venice, and the 
brief hegemony of: Spain. 

The influence of metals since the industrial revo- 
lution has been all too evident. It is not a mere 
coincidence that Great Britain was the most power- 
ful nation in the world during the nineteenth 
century, when she led the world in mineral pro- 
duction. During this time she reached the peak of 
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domestic mining, followed by the inevitable per 

of declining output, during which she ; quir 
foreign properties and increasingly depende | yy 

imports of ores to run her industrial plant. Fo; 
century and a half prior to 1850 Great Brit; 
produced over half the world’s supply of lead, g: 
from 1820 to 1840 furnished almost half ; 
copper. As the island kingdom approached ; 

zenith of its power in the later half of the centyr 
its iron production increased from one third ; 
one half the world’s total. The peak of domes 
production of lead was reached in 1856, of copye: 
in 1863, of tin in 1871, of iron ore in 1882, a 
of coal in 1913. 

The United States has passed the peak in ¢ 
mestic mining for only a few metals, but we cy 
say with confidence that the high point was reach 
for mercury in 1877, and for lead in 1925; it; 
quite probable that the peak for some other meta) 
was passed in 1943. Acquisition of foreign soure 
of supply by American capital is proceeding ra 
idly, paralleling British moves a few generation 
earlier. The cost of delivery at United State 
industrial plants, however, will be substantial 
more than in the era of lush production from d 
mestic sources of supply. 

The Soviet Union has mineral resources (i 
major importance and was late in starting large. 
scale exploitation. It is unlikely that the Sovie 
Union has yet achieved peak production in an 
of its important resources. Its rapid industrializ- 
tion and fast-growing population provide intern: 
markets demanding constant expansion of miner: 
production—or procurement. Like other industri 
nations, it has an ever-growing concern for th 
position, extent, and availability of mineral re 
sources at home and abroad. 

The scattered world sources of all the man 
minerals required by industry need not be enumer: 
ated, but the adequacy of the total known supplie 
is a matter of deep interest to those aware of thi 
profound social effects implicit in the exploitatic 
of mineral deposits today. 

Estimates of reserves of currently and potential! 
usable ore in the United States were made by th 
Geological Survey and the Bureau of Mines during 
the war and are now available in the book Miner 
Resources of the United States. Mr. McKelvei 
of the Geological Survey, recently called my 2 
tention to the fact that many of these estimates art 
roughly proportional to the average concentratic 
of the various metals in the earth’s crust. If we 
multiply the average percentage of any element i! 
the accessible lithosphere by a billion, the result ap 
proximates the tonnage of the known reserves © 
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our more plentiful ores in the United States. It 
is interesting to note the general relation between 
these figures, the official estimates of reserves, and 
our concern for supplies. About 4 percent of the 
continental crust of the earth is iron; our known 
reserves are about 2 billion tons of iron in ore, 
and several times this amount in potential ore. 
Although some iron is imported, there is little 
official concern with our iron ore supply. Copper, 
of which we often have a small exportable surplus, 
makes up 0.01 percent of the earth’s crust; a 
billion times 0.01 is 10,000,000, and our reserves in 
this metal are about twice this figure. Cadmium is 
present to the extent of only about 0.00005 percent, 
and this figure times a billion tons gives us 50,000 
tons, just equal to the estimated reserves of this 
rare metal. The United States produces her needs 
in cadmium and at the present rate of consumption 
has fifteen years’ supply in sight. 

Turning to those metals for which our reserves 
are less than the amount calculated by this empir- 
ical method, we find our mineral deficiencies ac- 
cented. Our reserves of manganese are about 7 
percent of the calculated amount, of nickel 1 per- 
cent, of tungsten 0.4 percent, of tin 3 percent, and 
of platinum 2 percent ; all these would be classed as 
strategic metals for the United States in the event 
of another war. 

We have no adequate published estimates of 
world reserves of most metals. For a rough ap- 
proximation, however, the figure of ten billion 
times the average percentage of the elements in the 
earth’s crust suggests the world’s commercial re- 
serves, except those like coal and phosphate rock 
that are primarily the result of long-continued bio- 
logic processes of concentration. World reserves of 
such resources may be larger by one to three orders 
of magnitude. 

As the grade of material designated “ore” is 
dropped, the reserves increase, but the cost of tlie 
metal won from the lower grade is also larger. 
This added cost is a measure of the additional 
energy—mechanical, chemical, mental, and physi- 
cal—required to get the desired product from the 
lower-grade deposits. This cost means a lower 
standard of living than that possible with cheaper 
raw materials. 

At the United States level of consumption for 
1945, our coal, phosphate rock, iron ore, and 
molybdenum ore seem adequate to last for several 
generations, with only slightly lowered grade; if 
we depended solely on our known domestic re- 
sources and used current technology, our copper, 
aluminum, zinc, gold, and possibly our petroleum 
might last for twenty years; but manganese, vana- 
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dium, and lead would be used up in from one to 
ten years; platinum, antimony, mercury, tungsten, 
chromium, nickel, tin, mica, graphite, asbestos, 
diamonds, and quartz crystal are present in such 
small quantities as to be negligible. 

All industrial countries should expect their do- 
mestic ores to provide gradually diminishing an | 
more expensive raw materials and should expect 
to supplement them with increasing imports of 
foreign ores and metals. Concern over adequate 
dependable sources of supply will become more and 
more evident in national policies as domestic raw 
materials become scarce. Stock piles may be built 
up for emergencies, but they are essentially a mili- 
tary expedient and in no way take the place of 
cheap domestic ores. The sooner we can dispense 
with them and depend on normal economic foreign 
trade, the better it will be for all. Unfortunately, 
much of the scarce supply of “strategic minerals”’ 
now finds its chief market in armaments, where 
metals are withdrawn from constructive use; 
they will continue to make this negative con- 
tribution to society until the peoples of the world 
achieve the mental disarmament which alone can 
do away with the occasion for all war. 

It is known that world reserves for mineral ma- 
terials also range from some that are adequate for 
thousands of years to others that may be used up 
in one or two decades. From the long-range view 
the world is in short supply of zinc, lead, tin, mer- 
cury, platinum, petroleum, quartz crystal, mica, and 
industrial diamonds. 

We in the United States would like to see the 
standard of living of all people raised to that which 
we enjoy. It is interesting to note that we make up 
about 6 percent of the world’s population and, at a 
conservative estimate, we use about 40 percent of 
the world’s output of all mineral products. Al- 
though part of this is exported, our unsatisfied 
internal market could easily absorb the export 
equivalent. If China, India, and the rest of the 
world were supplied on the same basis, the world 
output would have to be increased about 700 per- 
cent, and the reserve of the grade currently used 
would seem alarmingly small. 

The world’s reserves appear sufficient for many 
years under the present economic conditions, but 
it could happen that our grandchildren will be 
hard-pressed to find economic supplies of many of 
the industrial minerals of today. If we can foresee 
a time of increasing social and economic strain, ten, 
fifty, or even a hundred years in the future, that 
could be eased or eliminated by starting work on a 
problem today, we must act or our civilization will 
fail of its opportunity to raise man to his poten- 
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tial stature. Toynbee likens civilization to men if no preparation for lean decades is made during 
struggling from ledge to ledge up a precipice; using _ the fat and prosperous years of the present. We can F_ bets 
this simile, we can say that the United States stands _ well afford to spend much on research that prepare: J - 
with momentarily secure footing and may with for future needs now easily foreseen. We canno F} dep 
little exertion boost civilization well along toward afford to do otherwise. ago 
its unseen goal. Born 
Strategic minerals and metals are commonly Geological research and metallurgical research oy 
defined as those for which we have no substitutes, low-grade, currently noncommercial sources shoul 
which are essential to industry, but which cannot be anticipate the demands of the future. The land, the 
produced at home in quantity sufficient to satisfy sea, and the air will all richly repay concentrate; Bing 
industrial demand. It is true that most of them study; in them almost inexhaustible reserves oj JF 7 a 
have no satisfactory substitutes at present, but certain elements are assured. Not only should we 7 but 
when we say a material is essential to industry and learn to mine and concentrate low-grade materials J 7 and 
that it has no substitute, two unstated qualifications in the most efficient way, we should also devise the FP ¥ wet: 
are often forgotten: a given material may be essen- most economic metallurgical techniques of extract- FY dai 
tial in producing the most desirable product, or may _ing the contained metal, oil, or other compounds 
be essential to successful commercial competition in sought. The infant science of alloys—of foretelling 
world markets. Belligerent insistence on completely _ the physical characteristics of combinations of ele- para 
adequate supplies of strategic materials at a “fair” ments—should grow into one of our most useful FB ¥ a) | 
price from a foreign country has proved expensive aids if adequately developed. It is a conservation J orig 
for several nations in the past. It will usually be policy of obvious importance to seek substitute: grea 
profitable to pay more or to accept somewhat less among the abundant elements for our deficient F tory 
satisfactory substitutes and forego commercial suc- _ special-use metals. B erals 
cess in competition for restricted markets. The dis- New' deposits continue to be found from tite FP of th 
covery of satisfactory substitutes for any material to time, and discovery of a single rich body of one B % viel 
in short supply is a major contribution to both of our essential minor metals could assure an abun- ff © pror 
national economy and world harmony. dant world supply for generations. Unfortunately, B 7 ceye 
Where great disparity exists in the cost, effi- however, the rate of discovery of mineral deposits Fare - 
ciency, or utility of products fabricated from readily has been decreasing for many years. The funda- J cyt 
available substitutes, a dual effort should be made. mental research that should lead to discovery oi crys 
to acquire and conserve the strategic material for the more securely hidden ore bodies has moved J ¥cynt 
the essential uses and at the same time to find forward at the pace of a sleepy snail. Tremendous fF ¥jndu 
better substitutes. The wholesale use in jewelry of opportunities for progress exist in the borderlan( 
world-scarce platinum, one of our most useful irre- fields where physics, chemistry, and geology over. 
placeable research metals, seems short-sighted. The lap, but hardly a handful of men are at work on the 
use of helium, gold, uranium, and thorium have all many critical problems that must be solved ther 
come under strict government control in the United _ before the art of ore-finding moves toward a scier- 
States within our generation. This trend will prob- _ tific technique. Nor is the oil geologist much in ad- 
ably continue both here and abroad; profligate vance of his admittedly backward brother, the 
use of strategic minerals should be curbed by wise mining geologist. A major cause of our slow prog- 
regulatory restrictions. ress in the past has been the difficulty of finding 
If the industrial nations are to avoid conflict over research scientists adequately trained in physics 
the scattered major foreign sources of cheap raw or chemistry and geology. 
materials, everything possible must be done to It is possible, however, to accomplish amazing 
lessen the need for those strategic minerals that results when groups of men specializing in dif- B Qditic 
now seem vital to their economy and that will prob- ferent disciplines coordinate their efforts. Such  ¥ore 
ably be in continuing and increasingly short sup- group research needs subsidies and should have both J @cher 
ply. At the same time each industrial nation should — short- and long-range objectives. It often yields, B Gexce 
husband its known resources and search diligently, however, almost unbelievable results in a compara J Yand 
intelligently, and hopefully for new supplies. tively short time, as witness the many militarily F¥ G 
The United States is now the richest and most successful developments of the war years and since. tion: 
powerful nation in the world, as Great Britain The most spectacular group research has been done J @phy: 
was in the days of our grandfathers. I see no un- in gaining understanding of the room temperature. JF @spor 
avoidable calamitous decline in store for us, but I one atmosphere microcosm, and in devising eng’ — ¥mor 
think we all realize the probability of trouble ahead _ neering applications of this knowledge. In contrast. FB @thar 
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Finuch laboratory work at high pressures and ele- 
Fated temperatures will have to be done before we 
@ understand the origin and localization of oil and ore 
Bdeposits. We know little more now than a century 

“Bago about the source of ores, the chemistry of their 

“Wiormation, the reasons for their concentration in 
Fore bodies, their relation to several associated bar- 
Bren phases of mineralization—usually lumped to- 

Bgether and dismissed as “alteration” —or that amaz- 

Ping phenomenon called replacement, a chemically 


| Bunreasonable process that changes the substance 


Pbut preserves faithfully the original texture, form, 
and volume apparently without benefit of stoichio- 
| ¥metric relations. Obviously our success in finding 
Fadditional supplies would be greatly enhanced if 
Fmodern systematic research were directed toward 
Welucidation of the genesis of metallic ores—com- 
parable with the great work done by the Geophysi- 
%cal Laboratory of the Carnegie Institution on the 
Forigin of igneous rocks. Similarly we could make 
great strides in preparing for the future by labora- 
Ftory work on the genesis of vital nonmetallic min- 
Ferals. Such investigations, together with expansion 
of the current studies on synthetic crystals that are 
‘Wyielding such instructive and practical results, 
| }promise eventually to relieve some of our most 
severe special mineral shortages. The techniques 
Fare now available that should lead to commercial 
Y synthetic mica and commercial radio-grade quartz 
“Ycrystal. Ultimately, the more difficult problems of 
| ¥synthetic asbestos, diamonds, and other important 
‘industrial minerals should be solved. 
> Present progress in the purely geologic aspects 
Fof oil, ore, and other mineral deposits is much more 
satisfactory. Empirical knowledge of the relation 
of mineral deposits to geologic structure, to the 

@chemical and physical make-up of associated rocks, 
| Jand to the geological environment increases stead- 
Gily. This is at present our chief hope of improving 
the discovery rates. I believe that the field man has 
Halready made a good start on the hard task of 
finding ore hidden well below the surface. 

The use of sensitive chemical methods for finding 
Hsoil-covered ore bodies or detecting minute ad- 
ditions of ore minerals in barren rock over blind 
ore bodies promises to be a fruitful area of geo- 
chemical research. This field owes much to the 
excellent pioneer work done in it by Scandinavian 
and Soviet scientists. 

Geophysical prospecting—geologic interpreta- 
tions based on the use of instruments to determine 
physical properties of rocks in place and their re- 
sponse to various fields of force—has been much 
more successful in helping the geologist find oil 
than ore. The comparatively simple structure of 
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most oil fields contrasts with the complexly broken 
inhomogeneous terrane where so many of the non- 
sedimentary mineral deposits are hidden, and geo- 
physics is inherently better adapted to unraveling 
the simple than the complex. High costs and less 
than fair success in getting ore have resulted in the 
generally conservative attitude of mining com- 
panies toward geophysical work, but I expect geo- 
physics to play an increasingly useful—though 
limited—role in future exploration for ore. It will 
continue to contribute much to the discovery of 
new oil fields and should be used more and more in 
the appraisal of ground water, a valuable mineral 
that is fast being depleted in many areas. 

Earnest, thoughtful research, carried on in the 
field by the geologist, chemist, and physicist, 
checked constantly against laboratory work, will 
suggest new methods of prospecting. There should 
be at least one adequately financed group devoting 
full time year after year to the job of devising, 
testing, and making available new techniques with- 
out the disheartening insecurity that accompanies 
uncertain appropriations, or the unsettling stimulus 
of possible financial jackpots for each new idea. The 
nation and the world community need fewer patents 
and less secrecy, and a little more interest in the 
unselfish solution of their common problems. As 
new methods of prospecting are devised they should 
be field-tested—with drill or excavation. The es- 
sence of the scientific method lies in rigorously 
testing new theories; progress is difficult when 
theories are plausible but neither disproved nor 
established. 

In addition to scientific research and to techno- 
logical progress, we desperately need wise planning 
for economic and equitable utilization of the world’s 
widely scattered deposits. At the present time, 
however, much of the basic data required for such 
planning are missing. Our knowledge of the world’s 
reserves is of the crudest sort. Inventories of our 
own deposits are admittedly inaccurate, but far 
better than those that can be obtained from most 
other countries for years to come. Geologic work, 
exploration, and ore estimates should be greatly 
accelerated so that an inventory of our planet’s 
resources will be at hand soon—in time for the 
next generation to use in planning the make-up of 
those global economic units that will most effectively 
utilize our natural resources to the maximum bene- 
fit of all mankind. We are well warned that we 
must plan for tomorrow if catastrophe is not to 
ride us down, but, with confidence that we shall 
solve tomorrow’s problems, I suggest that it is 
none too soon to give thought to the years to come 
after tomorrow. 








THE PHANTOM WATERFALL 


(THE DRY FALLS OF THE COLUMBIA RIVER, GRAND COULEE, WASHINGTON ) 


BARBARA WHITNEY 


They say there is seen in the moonlight 
And heard when the night is still 

A cataract’s mighty thunder 

And the mist where the waters spill— 
Raging and foaming in anger, 
Hurtling down from the wall 


They have carved in torrential flowing— 


The Phantom Waterfall ! 
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Through the towering cliffs of Grand Coulee, 


Blocked by the glacial field, 
The Columbia turned in her coursing, 


And the torrent plunged and reeled . . . 


In the script of the prehistoric 

She wrote on the lava there 

The romance of an old, old river, 
Cascading her long white hair. . . 
Mightier than Niagara, 

She carved, through the myriad years, 
The gigantic rocks of the canyon 
Where fell her giant tears .. . 

And lo! When the glacier melted 

And skies were warm again 

She turned back to her ancient channel 
To flow on in the sun and the rain . . 
And the horseshoe falls of her making, 
She left them mute and dry, 

A testament to her story 

For the retrospective eye . . 

For the mind of man that is probing 
The long, long ages past . . 

And the heart of man discerning 
Eternity’s circle, at last 

Closing upon its beginnings— 
Chaotic and misted and gone— 

Night into morning and noontide, 
And evening and night into dawn. . . 


And they say that sometimes in the moonlight, 


Sometimes when the night is still, 
You can hear the voice of the Phantom, 
Where the white ghost waters spill! 
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ATTITUDE MEASUREMENT AND THE 
QUESTIONNAIRE SURVEY 


ARNOLD M. ROSE 


Before joining the Depariment of Sociology and Anthropology at Washington Uni- 
Z g ; | 





versity Dr. Rose was associate director of the Carnegie-Myrdal study of the Negro 
(the results of which were published in American Dilemma) and project director for 


the War Department’s Research Branch. Hts article points out some of the weaknesses 


UCH of the basic raw material of social 
science consists of the beliefs and atti- 
tudes of men. These presumably exist in 


men’s minds, and one task of the social scientists 


is to get a fair representation of them down on 
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paper. Traditionally, this work of the social psy- 


‘chologist and the sociologist has been known as 

|} “attitude measurement,” although recent com- 
) mercial use of some of the techniques has popu- 
larized the term “public opinion poll.” 


To some outsiders, the public opinion poll looks 


J deceptively easy: you just ask people questions, 
'Jadd up their answers, and you know what they 
Fare thinking. To other outsiders, a correct repre- 
¥sentation of men’s thoughts is an impossibility: 
how can you ever know what people are really 
J thinking simply by asking them a few questions, 
when it is so easy to dissemble and when even a 
Hpsychoanalytic probing of two years’ duration 
}sometimes fails to get beyond all the conscious or 
Funconscious defenses? Three decades of research 
Jand testing give the lie to both types of critics: it 


takes many technical devices and a good deal of 


@skill to measure attitudes with validity and reliabil- 
Hity, yet we know that it can be done. The early 
“Fdoubt that you could “really” get at attitudes 
‘Bthrough questionnaires was justifiably based upon 
2 lack of concern on the part of opinion measurers 
)¥ior anything but a check mark or a verbal state- 


ment. As attitude measurers became more inter- 
ested in the meaning of their raw data, this criti- 


@cism became less valid. This must not be taken to 
}mean that every published study of attitudes or 


every newspaper poll should be taken at face value. 
There are still numerous charlatans in the field, 


Hoth with and without college degrees, who find it 


either profitable or prestigious to publish unsound 
figures. This has been especially true since reports 
on public opinion have become salable goods—to 
businessmen, to special-interest groups, or to the 
general public through newspapers and magazines. 


of commercial polls, so strikingly demonstrated in the 1948 Presidential election. 
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MAJOR REQUIREMENTS 

Let us briefly review the major requirements of 
a sound public opinion poll. In the first place, the 
questions must be capable of being answered ade- 
quately. There is little purpose in asking people 
questions for which they do not have an answer, 
or for which they cannot readily formulate an 
honest and complete answer. To rely on a refusal 
to answer is not sufficient, since some people seek 
to avoid the appearance of stupidity or ignorance 
by giving an answer when they really have none, 
and other people hesitate to appear dogmatic or 
overcertain by stating their true attitudes, and so 
say that they “don’t know.” Words serve as a 
vehicle for the question, and most words have at 
least a bit of ambiguity. It is essential that the 
words have a minimum of ambiguity as well as that 
they be simple and understandable to persons of 
little education. Even the person who has had long 
experience with formulating questions will occa- 
sionally be amazed when he poses a question, which 
he thinks is straightforward and unambiguous, to 
a variety of people and finds several variant inter- 
pretations. American culture is so far from being 
homogeneous that even the meanings of words 
shift markedly from one group to another. The 
skilled attitude measurer is aware of these cultural 
variations in so far as they apply to the more com- 
mon words. Yet no reputable investigator will per- 
mit a questionnaire to go into the field without 
having “pretested” it on a range of individuals, 
representing the principal social groups, and ex- 
perimenting on word selection with them. 

There are other problems connected with ques- 
tionnaire formation. Even when the question is 
completely and correctly understood, its specific 
wording can influence the direction of the answer 
in most instances. It is only when people have 
thought through all the ramifications of an issue, 
and have reconciled their conflicting motivations 
toward it, that they will not be influenced by the 
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subtle connotations of the words constituting the 
question. Most attitude measurers have sought to 
meet this problem by choosing only “neutral” 
words and in other ways seeking to avoid the “bias- 
ing” of a question. Other investigators feel that no 
question is unbiased in an ongoing social situation 
and therefore seek to probe an attitude with a bat- 
tery of five or six questions, some biased one way 
and others another way. This has led to the de- 
velopment of the “attitude scale” (which we shall 
consider later). The recognition that answers to 
biased questions may be significant also led to ex- 
perimentation with questions that indirectly reveal 
attitudes of which the respondent may be com- 
pletely unaware. Life itself is full of suggestive in- 
fluences, and it may be as important to know 
whether an individual will respond to a subtle sug- 
gestion as it is to know how he will respond to a 
straightforward unbiased question. 

The complexity of human motives has been ex- 
ploited in questionnaire formation in other ways. 
Numerous studies have shown that the order of 
questions in a questionnaire will influence the re- 
sponse, and investigators must not only be wary of 
this, but must adjust for it by varying the question 
order in any one study. The content, or subject 
matter, of the question is also important. Korn- 
hauser has demonstrated, for example, that many 
studies of attitudes on labor issues used a content 
that sought only to get at negative attitudes toward 
organized labor. If, instead of asking questions 
about strikes and monopolistic practices, the 
studies posed questions about security and bar- 
gaining equality, the conclusions regarding the 
status of unions in American public opinion would 
have been quite different. 

After a questionnaire is formulated, a second 
major set of problems arises. How, and under what 
circumstances, shall the interview be conducted? 
There are innumerable empirical “rules” on how 
to establish a good relationship with an inter- 
viewee, varying from an admonition against inter- 
viewing anyone where a third person can hear the 
answers to an injunction against expressing the 
interviewer’s own attitude either by word or subtle 
gesture. Some critics who have done little or no in- 
terviewing themselves question whether people will 
truthfully answer questions, especially when the 
questions become intimate and personal. Those 
who have experience in interviewing know that it 
is possible to question successfully about any sub- 
ject if the interviewee is “approached in the right 
way.” With very few exceptions, people seem to 
like to talk to strangers, especially if they feel their 
answers have some value, if they understand the 
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purpose of the interviewer, and if they are cop. 
vinced that they will be strictly anonymous. The 
interviewer must be sympathetic toward the inter. 
viewee so as not to inhibit him from expressing ay 
unusual attitude, but nevertheless must maintaj; 
his social distance, since it is the impersonality ¢; 
the interview situation that seems to bring out fy! 
and frank answers. Studies have been made t 
check the validity and completeness of answers ¢. 
cured by good interviewers when interviewing o; 
very touchy and personal subjects, and it is star. 
tling to see how correct the information is. 

The problems of interviewing remain for mos 
investigators, however, because of the difficulty j 
securing or training good interviewers. Checks 
have had to be devised to curb interviewer che. 
ing. A disturbing finding was that interviewer 
drawn from low-income levels secured answer 
different from those brought in by interviewer 
who had middle- or upper-income background; 
Conscientious investigators are now training thei: 
interviewers more carefully and are trying to selec 
interviewers with backgrounds representative 0 
the general population. 

There is a difference of opinion as to whether 
interviewers should rigidly follow a fixed schedule 
of questions or should be free to develop their own 
questions after a fixed first question sets the sub: 
ject for discussion. The fixed schedule reduces in- 
terviewer bias and the need for high interviewing 
skill. It also has the advantage of permitting eas 
classification and tabulation of the answers {fo 
quick reading. The flexible schedule permits prob 
ing for subsurface and complex attitudes. It allows 
the respondent to state his attitude in more than: 
phrase, and prevents misunderstanding about the 
meaning of questions. The resolution of this dis 
agreement about the rigidity or flexibility of ques 
tions seems to have taken the form of a genera 
recognition that both forms have greatest value fo: 
different problems and different subjects. 

A new difficulty has arisen to complicate inter 
viewing in recent years. When people have strong 
fears, they are too suspicious to be readily inter 
viewed, This is why it has always been impossible 
to conduct a public opinion poll under a dictator 
ship. People will not talk freely to an interviewe! 
who might be a threat to them. In the Unite 
States, until recently, this was significant on) 
when interviewing Negroes, who were so afraid 0! 
expressing their true opinions to a white perso 
that they either “played dumb” or told the whit 
interviewer what they thought he would like t 
hear. Reliable investigators always met this sitt 
ation by employing Negro interviewers and cleat 
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ing their survey with Negro defense organizations 
or leaders. Since 1946 the same situation has arisen 
with a significant number of white respondents: 
they are suspicious of strange interviewers as pos- 
sible Communists. Interviewers for such nationally 
known polling agencies as Gallup and Roper can 
easily identify themselves, but the problem remains 
for independent social scientists. The only partial 
solution that has been devised has been to clear 
studies with churches and civic organizations. 

A third important factor in public opinion re- 
search is the selection of respondents. Only the 
Census Bureau has the resources to interview every 
family in the United States, and then only once in 
ten years. For all other studies, a sample of re- 
spondents must be selected, and the sample must 
be representative of the population about which the 
investigator wishes to generalize. The rules for 
drawing a representative sample have been well 
worked out by statisticians, but they are difficult 
to apply when human beings constitute the sample. 
When physical objects, or even plants or animals, 
are the subject of investigation, it is a relatively 
easy task to pick cases at random, making sure that 
each unit has the same chance of being selected as 
any other unit. When the people of the United 
States are the subjects of investigation, however, it 
is impossible to line them up for purposes of pick- 
ing a random sample or to obtain equai access to all 
of them. There is not even a list of their names and 
addresses from which a sample list could be selected 
and then traced. 

Two types of methods have been contrived to 
meet the problem of selecting a representative sam- 
ple of people. One is the “quota” method, by which 
a sample is devised to match the distribution of the 
population in certain known traits, such as age, sex, 
region of country, rural-urban residence, etc. (This 
information is available from the decennial census, 
corrected for postcensal changes and for demon- 
strated errors.) Then interviewers are sent out to 
interview people who have the specified traits: 
they fill up the quota of each age-sex-regional, etc. 
type of person as fast as they happen to come 
across persons of that type. This method of sam- 
pling is widely employed by commercial pollsters 
and was the one chosen by the one biologist who 
has elected to do a major social science study— 
Kinsey, in his study of sex behavior. The method 
has one grave weakness, however, in that the 
people within each of the quotas may not be repre- 
sentative, This is of no great importance if the 
biases of nonrepresentativeness within the quotas 
are not related to the subject matter of the inter- 
view. But if aggressive people happen to be chosen 
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more frequently than passive people, it does make 
a good deal of difference, for example, if one is 
questioning about attitudes toward war. If work- 
ing women are not available to a poll-taker because 
they are working during the daytime, it will make 
a great deal of difference in an election poll, since 
working women vote differently than housewives. 
The careful social scientists have therefore devised 
another method of sampling, called the ‘area’ 
method. This involves dividing the population into 
small geographical areas, selecting some of these 
areas as representative on the basis of known traits, 
and using carefully controlled random sampling 
of people within each of the selected areas. This 
method is more difficult and more expensive to 
employ, especially in rural areas where the dis- 
persion of population makes random sampling hard 
to accomplish. But it seems generally to be more 
foolproof than the quota method. 

The problems of the attitude measurer are not 
done when he has devised his questionnaire, se- 
lected his sample, and secured his interviews. Then 
he has to boil down his mass of information into a 
comprehensible and readable form. This involves 
the steps known as “coding” and “analysis.” Coding 
is essentially a process of classifying the diversity 
of answers, and the words in which the anwers are 
couched, into a reasonable number of categories. 
Actual deviations must not be lost, but meaningless 
diversity must be submerged. The planning of a 
code requires skill and knowledge; the application 
of a code takes a great deal of tedious work. The 
principal step in analysis is deciding how the coded 
answers are to be tabulated. Should answers to a 
given question simply be added up, or can answers 
to one question make sense only when put in con- 
text of answers to another question? Are the facts 
for the population as a whole what is important, 
or is significance to be secured only by comparison 
of answers from different elements in the popula- 
tion? Do answers to a single question have any 
validity, or is it necessary to combine into a scale 
the answers to a series of questions all trying to get 
at the same attitude? These are some of the ques- 
tions the analyst must answer as he tackles each 
study. He cannot wait to solve these problems after 
the interviews are complete, but must have his so- 
lution fairly well worked out before he regards his 
questionnaire as complete and before he collects a 
single interview. 

The interpretation of findings and the presenta- 
tion of results offer a final set of challenges to the 
attitude measurer. No uniform standards have as 
yet been devised to handle this stage of the opera- 
tions. Nor probably can any ever be, since each 
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subject of study is somewhat different from every 
other. A few general principles have been set forth, 
and a variety of devices for presentation have been 
examined, but these are too detailed to go into here. 


USES OF THE QUESTIONNAIRE SURVEY 


What sort of information is the product of all 
these operations? Although the questionnaire sur- 
vey grew up in an effort to measure attitudes, it 
now has a far broader use than that. In addition 
to detecting attitudes, it can reveal expectations, 
wishes, activities, facts, estimations, and so on. Let 
us translate these vague terms into examples of 
concrete uses to which the questionnaire survey 
has been put. 

One is the simple determination of facts, such as 
the amount of liquid savings in the hands of the 
general public, which the U. S. Treasury regularly 
asks the Survey Research Center at the University 
of Michigan to determine. Sometimes facts that 
are easily detected separately have no significance 
until put in context by a questionnaire survey. Cer- 
tain Army officers in the Mediterranean Theater 
were disturbed at the sloppy appearance of Ameri- 
can soldiers from the Replacement Depot at Poz- 
zuoli until a survey determined that not only were 
there no QM laundry facilities available at the 
Depot, but that there was no soap available at the 
PX and that the military police did not allow sol- 
diers to take clothing out of this camp for fear they 
would sell it on the Italian black market. The Kin- 
sey study of the distribution of different types of sex 
expression is another example of fact determina- 
tion, where the main interest lies in comparison of 
different groups in the population. 

The preference type of study is most frequently 
employed by large industrial concerns. A great deal 
of money is spent every year to determine what 
various consumers find most pleasing to the eye, 
to the nose, to the palate. Government has also used 
the preference survey when it has a choice and 
wishes the decision to be made in accord with the 
preferences of the citizenry. In planning its post- 
war education program, the Army used a sample 
interview survey as the equivalent of getting a 
filled-out commercial order. The social scientist 
seldom has any direct use for a preference survey, 
except when preferences can be used as indices of 
attitudes. Many of the early studies of attitudes 
toward minority groups, for example, involved the 
respondents’ making statements of preference for 
one group as compared to another, in different 
social situations. The psychologist L. L. Thurstone 
developed a complicated technique for transform- 
ing such preference statements into a scale of atti- 
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tudes reflecting the status of minority groups, yo. 
cations, and other rankable social traits. 

The knowledge type of questionnaire survey j; 
very much like a school examination, except tha: 
it is given to the usual representative sample of the 
population and its purpose is not to rank. Rather 
its purpose is to determine whether a _publicit, 
campaign of one sort or another is successful j 
reaching the public or whether those who hay 
greater knowledge about something also have atti. 
tudes more favorable to it. Government policy. 
makers—as well as manufacturers—are intereste( 
in such information. Social scientists have found 
use for many studies of the opinion or personalit 
correlates of knowledge. In general, they hav 
found that those with more knowledge about ; 
given subject have fewer emotional prejudice 
against that subject. 

Other types of cross-classification are employe: 
in an effort to get clues to the causation of attitude 
and behavior. In one study of venereal disease, not 
only was there cross-classification of incidence ¢ 
this disease with knowledge of preventive tech- 
niques but also with facts about drunkenness wher 
having extramarital intercourse and with belie‘: 
about the ability of newly discovered drugs to cure 
the disease. The findings confirmed the hypothesis 
that little knowledge, drunkenness, and overcor- 
fidence in modern drugs were strongly associated 
with the incidence of venereal disease. Correlations 
by themselves are insufficient for imputing cause 
and so experiments were carried out to test the 
tentative findings. Information was given abot 
techniques of preventing venereal infection an( 
about the uncertainties of available drugs, with tlhe 
object of determining whether this resulted in a te- 
duction of the venereal rate. 

Most experimental studies in the social sciences 
require attitude measurement at every phase. Thi 
usual procedure has been to administer a question 
naire to matched experimental and control groups 
Then the social stimulus is directed at the exper: 
mental group, sometimes quickly, but more ofter 
over a period of time and without obvious connec: 
tion to the questionnaires. After this, the same 0 
equivalent questionnaires are administered to thi 
same groups, and changes in the attitudes of tl 
experimental group are compared to changes 1! 
the attitudes of the control group, if any. The que 
tionnaire may be repeated after an interval of sev 
eral months to see whether the effect of the stimt: 
lus has worn off. Sometimes several stimuli art 
directed at different experimental groups at the 
same time, and a comparison made of their rele: 
tive influence. Such, for example, was a study 0! 
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e relative effectiveness of emotional and logical 
Bropaganda. For the particular groups and sub- 
ect matter chosen, it was found that the emotional 
Bppea! had greater success than the rational ap- 
eal, but that the latter was more effective than 
Bo appeal at all. Some experimental studies are 
; evaluational” when the stimulus investigated is 
program that someone desires to evaluate. 
Another type of attitude survey might be called 
% “definitional” study. Definitions are usually set 
By a tradition or by operational convenience, but 
| ometimes it is valuable to conduct a little study 


| Hefore formulating a definition. One such study 


Might be to determine whether people generally 


Bake the same distinctions between terms or set 


Bhe same limits to terms that the scientist does. 
A certain study translated the numerous current 
Wefinitions of the term “morale” into a questionnaire 
Gn order to determine the extent to which high 
Morale in one sense was related to high morale in 
Fnother sense. Such diversity was discovered that 
Wt was necessary to formulate several distinct cefi- 
Mritions of morale and to note that they were not 
Mhe same thing. Some investigators find important 
Wocial science data in popular definitions, and they 
Wonduct surveys where the questions allow the re- 
pondent to formulate his own definitions. 
® A final type of study that must be mentioned has 
@prediction as its primary purpose. One prediction 
tudy may simply be an extrapolation of attitude 
rends. Another may be based on influences from 
auses discerned from the correlational or experi- 
nental types of studies. A workable schedule on 


Wsuch a basis has been prepared by Burgess and 


ottrell to predict the future marital adjustment of 


Jan engaged couple. A third may be a questionnaire 


Wsurvey in which respondents are asked to state or 
estimate their future plans. Some valuable clues to 


Tthe future of the consumers’ market have been dis- 


overed by asking people their plans for buying 


101 


radios, automobiles, or household equipment. 
The election pollsters have this last type of 
purpose—to predict simply by asking people what 
they intend to do. But the method is risky if not 
carried out in conjunction with questions about 
motivation and intensity of attitude, and if careful 
analysis is not made of the “undecided” voter, 

Sometimes a prediction study can be used as a 
a selective technique to prevent the predicted 
events from occurring. Such was a study carried on 
in the Army during the second world war to pre- 
dict which newly inducted soldiers would develop 
psychoneuroses. After it was determined which 
traits, experiences, and reactions predisposed a 
man to psychoneurosis, those inductees who had 
a high score on the predisposition test were sent to 
a psychiatrist, who either rejected them for Army 
service or marked them down for further obser- 
vation. 

There is an increasing range of uses for the 
questionnaire survey. Each time there is a new use 
or a new criticism, there is development or re- 
finement of techniques. In 1944 Hadley Cantril 
brought together existing knowledge about tech- 
niques in this field in his book Gauging Public 
Opinion. Developments have been so rapid, how- 
ever, that already many sections of the book are 
out of date. Even the periodical literature is some- 
what behind, as one can observe when he attends 
the annual meetings of the World Congress for 
Public Opinion Research, the American Associa- 
tion for Public Opinion Research, the American 
Statistical Association, the American Sociological 
Society, or the American Psychological Associa- 
tion. The presentation and discussion of new tech- 
niques are carried on under the most favorable 
conditions of open-mindedness and high interest. 
Those practitioners with a scientific orientation 
know their own limitations. The field appears to 
have a most interesting future. 





EARLY HISTORY OF INFRARED SPECTRORADIOMETRy 


W. W. COBLENTZ 


Dr. Coblentz (Ph.D., Cornell, 1903) has been a physicist with the National Bureau of 

Standards since 1905. He ts a five-time medallist: the Potts medal of the Franklin 

Institute; the Janssen medal of the Paris Academy of Science; the Scott medal and 

premium of Philadelphia; the Rumford gold medal of the American Academy of Arts 
and Sciences; and the Ives medal of the American Optical Society. 


ODERN equipment for measuring the 

spectral absorptive, emissive, and reflec- 

tive properties of substances consists of 
three parts: an assortment of powerful sources of 
thermal radiation; an assortment of sensitive radi- 
ometers for measuring the intensity of the total or 
the spectrally dispersed radiation from these 
sources, including equipment for magnifying the 
response of the radiometer and automatically re- 
cording it upon a sheet of paper; and a spectrom- 
eter, consisting of suitable lenses or concave re- 
flecting mirrors for collimating these rays, and a 
prism or grating for dispersing the radiation into 
a spectrum. 

Thus, a relatively inexperienced technician, after 
receiving a little instruction on how to operate this 
apparatus, is now able to trace upon a sheet of 
paper the spectral transmission curve of a sub- 
stance in fewer minutes than it required hours with 
the spectroradiometric instruments available some 
four to five decades ago. The recent jump to a 
higher level of attainment in the detection and 
measurement of thermal radiant energy is so sud- 
den and spectacular that, to the newcomer, it gives 
the impression that history is just beginning—that 
he has “discovered America.” 

In this connection the dependence of advance- 
ment in one field of investigation upon the progress 
in another branch should not be overlooked. 

Thus, in 1916, at the Spring Meeting of the 
American Physical Society, in the discussion that 
followed the announcement of improvements in 
electronic amplifier tubes, a fellow-member fairly 
leaped to his feet to point out the application of the 
device in connection with a thermocouple for 
measuring the heat of the stars. But it required an- 
other quarter of a century of effort to produce the 
electronic amplifying and recording apparatus that 
has recently come into general use in connection 
with thermal radiation meters. 

It is interesting and instructive to trace the by- 
paths leading from the original foundations upon 
which present-day spectroradiometry is based. 
Some of these paths are long in years. All are 
based upon the application of discoveries of prop- 
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erties of materials: chemical, electrical, optical 
thermal, each one of which has an interesting his. 
tory that is encyclopedic and is briefly summarize; 
in early handbooks of physics. More complete 
references are to be found in Poggendorff’s? |/’ho'; 
Who in Science, which goes back to the very be. 
ginning, some 500 years B.c. 

In retracing these bypaths to modern radiometry 
it is important to keep in mind that experiments 
science was then in its beginning ; that these ear} 
researchers were untrained in laboratory method 
as we know them today; also that, although ther 
as now their interest was international, intercow- 
munication was slow and mainly through publica. 
tion. Hence the overlapping, repetition, and some- 
times misdirection of effort in the early researche: 
in radiant energy are understandable, especially i: 
view of the obscurity of the subject and the lack o! 
facilities for making the requisite apparatus. 

One of these by-paths is the investigation of the 
electrical properties of matter and the foundation 
of the science of electricity, which began with the 
discoveries of the Italian physicists Luigi Galvani 
and Alessandro Volta at the end of the eighteent! 
century. 

This was followed, in 1823, by Seebeck’s® dis- 
covery of the production of a thermoelectric cur- 
rent on heating the junction of two metals ; and his 
use of a thermopile of many junctions of bismuth 
and antimony for measuring temperatures, in place 
of a mercury thermometer, in establishing a tem- 
perature scale. 

Modern methods of measuring thermal radian! 
energy, using a thermocouple or thermopile re- 
ceiver to intercept the radiation, had their origin 11 
Seebeck’s experiments with immersion thermoelet- 
tric thermometers. 

The first big advance in the investigation of the 
infrared transmissive properties of substances be- 
gan half a century after the discovery of galvanism 
(in 1780) and about six years after the discovery 
of thermoelectricity, when Leopoldo Nobili,* pro- 
fessor of physics in the archducal museum at Filor- 
ence (the old habitat of the Accadémia del (- 
mento) published an illustrated description (date! 
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egeio, Dec. 2, 1829) of a compensated thermopile 


ting of 6 elements (couples) of bismuth and 


Bantimony, mounted in a circle, in a cylindrical 
Fooden housing, with the 6 exposed junctions ex- 


— 


ending about 2 or 3 mm above the cement support. 


: The junctions were soldered with tin and blackened 
with candle smoke. 


To demonstrate cooling, he placed this arrange- 

















Fment under a bell jar and removed the air with a 
Fyacuum pump. We can appreciate his comments 
Jon this as a detector of radiant heat: “Je dirai 
j presque incroyable.” 


In the second part of this same paper (dated 


PReggio, Apr. 24, 1830) Nobili* tells of providing 
“}Macedonio Melloni, professor of physics at the 
TUniversity of Rome,* with one of his thermopiles 
Vhaving 6 elements, which, however, did not seem 
Y sufficiently sensitive radiometrically. He therefore 
constructed a new thermopile consisting of a bun- 
“Fdle of 16 couples mounted in a cylindrical metallic 
Fenclosure which was attached to a pedestal that 
could be turned in any direction. In this arrange- 
ment, which later became known as the “Melloni 
@thermopile,” the ends of the junctions were ex- 
posed to radiation, and a fixed conical reflector 
¥was used to increase the intensity of the radiation 
Fincident on the receiver. 


Encouraged by the great sensitivity attained 


j with the thermopile of 16 couples, Nobili con- 
structed a thermopile consisting of a bundle of 40 
couples, which was perfectly symmetrical in that 


both ends could be exposed to radiation. Two coni- 


cal reflectors were provided that could be opened 
Fand closed at will, thus permitting a simultaneous 


comparison of the radiation of two objects mounted 


Jat opposite ends of his optical bench. 


In view of the great sensitivity of these new 
thermoscopes Nobili‘ (/.c., p. 234) announced that 


9 °M. Melloni et moi” were undertaking a series of 
researches which would be published soon.® 


Seeing that these two researchers, at times, were 


separated only relatively short distances, even in 
"those early days of inconvenient travel, one can en- 
|} vision the enthusiasm of Nobili and the 14 years 
syounger Melloni in making these investigations. 


. In this connection it is to be noted that Nobili® 
invented also the astatic combination of magnetic 
needles, whereby he greatly improved the sensitiv- 
ity of his galvanometer. 

* According to Poggendorff,? Melloni was professor of 
physics at the University of Parma from 1824 to 1831, 
when, during the political revolution in Modena, Parma, 
and the Papal States, he escaped to Paris, where he con- 
tinued his researches until 1839 when he was called to 
the University of Naples. 
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The objectionable feature of having the unex- 
posed junctions directly back of the exposed ones 
(the receiver) was recognized by Nobili,’ who al- 
ready in September 1834 described a new linear 
thermopile, consisting of a single line of 4 “ex- 
tremely small” elements of Bi-Sb, mounted sinus- 
oidally and crosswise, the central line of receivers 
(details not described) slightly overlapping but not 
touching; total height 15 mm; covered with a 
movable slit, opened 0.55 mm, for studying diffrac- 
tion. 

But Nobili was almost eighty years ahead of his 
time. For suitable thermopile material all he lacked, 
to be modern, was pliable bismuth wire,+ which 
became an article of commerce about 1910, and 
pliable antimony-tin wire, which came some years 
later. It is therefore understandable why Nobili’s 
new type of linear thermopile did not come into 
general use until almost eighty years later. 

Nobili’s® investigations in collaboration with 
Melloni were published in 1831, after the latter 
went to Paris. His untimely death in August 1835, 
at the age of fifty-one, occurred at an interesting 
period in infrared radiometry when Melloni,® using 
a thermopile of 27 couples, of bismuth and anti- 
mony (forming a square receiving surface of 4.24 
cm?), discovered the high transparency of rock salt 
to infrared radiation. Thereupon he made the first 
prism of this material and, using a linear thermo- 
pile of 15 couples of bismuth-antimony, mounted 
on a crude graduated circle (but no lenses or 
mirrors), explored the infrared solar spectrum 
(1.c., p. 366 and Plate 3). In another arrangement 
Melloni used a prism and lens of rock salt, in a 
stationary position, and moved the thermopile 
straight across the spectrum. 

Nobili did not describe the difficulties in making 
(casting) the bars of bismuth and antimony. Mel- 
loni® speaks of the oxidation of liquid antimony, 
and the great fragility of both metals, which were 
in the form of bars 32 mm long, 2.5 mm broad, and 
1 mm thick. The great heat capacity of the junc- 
tions retarded thermal equilibrium; this was ac- 
celerated somewhat by thermal conduction to the 
“cold” junctions that were directly back of the 
exposed junctions. 

In a subsequent paper Melloni® gives an illus- 
tration of the assembled thermopile, galvanometer, 
and other accessories, which is copied in earlier 
handbooks of physics! and is familiarly known as 
the “Melloni apparatus.” 

+“In itself a remarkable achievement,” as Professor E. 


F. Nichols expressed it, when he wrote me for the loan of 
a sample and inquired where such wire was obtainable. 
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If we are bewildered by the sudden vista of new 
problems presented by the recent accomplishment 
of atomic fission, we can envision the reactions of 
investigators at the end of the eighteenth century : 
of the British William Herschel on observing that 
his mercury thermometer was heated when held 
just outside of the visible red end of the spectrum of 
sunlight; of the American Benjamin Thompson, 
later known as Count Rumford, while engaged in 
boring cannon, trying to reconcile his observations 
of the heat developed with the then-prevailing idea 
that heat is a material substance; and of another 
American, John William Draper,’® who unknow- 
ingly made the first observations on the radiation 
of what is now called a black body when he heated 
various metals and nonmetals in a gunbarrel and 
found that all became luminous at the same tem- 
perature, 

The foregoing citations are only a few of the 
steps leading to the development of modern spec- 
troradiometry. 


SOURCES OF RADIATION 


The earliest investigators had only sunlight for 
use as a powerful source of visible and what we 
now recognize as near infrared radiation. 

Included in the terrestrial sources, the Leslie 
cube of hot water, the Bunsen burner (invented in 

1835), and a blackened sheet of copper (also an 
incandescent spiral of platinum), heated in the 
flame of an alcohol lamp, were used; also the 
Drummond lamp (consisting of an oxy-hydrogen 
flame impinging upon a solid rod of chalk or zir- 
conium oxide) ; and, much later, the carbon arc 
lamp. After 1880 the carbon filament incandescent 
lamp was available. 

A convenient fairly reliable source of infrared 
radiation, in the form of the Welsbach gas mantle, 
composed of thorium oxide (for strength) and a 
small amount of cerium oxide as an emitter of 
light, did not come into use until 1890; and a 
powerful source of ultraviolet radiation, in the 
form of a high-pressure “hot quartz” mercury arc 
lamp, for laboratory use, did not become available 
before about 1905. 

Nevertheless, it is remarkable what was accom- 
plished in studying the optical properties of mat- 
ter, using these sources of radiation. Indeed, as will 
be noted presently, by using different sources of 
luminous and nonluminous radiation Melloni found 
that the transmission of radiation through rock 
salt did not depend upon the source, indicating, 
sort of intuitively, a marked difference in spectral 
energy emission of the source; and, as noted above, 
he promptly assembled a combination consisting of 
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a slit, a lens and prism of rock salt, and a th: 
pile which he moved linearly through the spectruy 
But, because of the low sensitivity of his thermo. 
pile, he continued his investigations of the trans. 
parency of substances to infrared radiation | 
using the undispersed radiation of four sources 
consisting of a Locatelli (wick, oil) lamp, withou: 
a glass chimney; a spiral of platinum heated ; 
high incandescence in an alcohol flame; a thin, 
blackened copper plate, similarly heated to 390 
C; and a Leslie cube of blackened copper heate; 
with boiling water. 


RADIOMETERS 


The early measurements of radiant heat were 
made by noting the expansion of air in a blacken 
glass bulb or a pair of glass bulbs, connected wit! 
a capillary tube containing a short column of mer- 
cury, known as the Leslie (also Rumford) differ 
ential thermometer. 

The first great advance in the measurement | 
thermal radiation came in 1829 when Leopold 
Nobili constructed the first bismuth-antimom 
thermopile, which he combined with his improve: 
galvanometer with astatic needles, discovered i 
1825.° 

After further improvements in the astatic gal- 
vanometer and in the thermopile, by Nobili’ 1 
1834 and by Melloni® in 1835, this device con- 
tinued, for years, to be the most serviceable radi- 
ometer for lecture room demonstrations of the 
properties of radiant energy, and for researches in 
thermal radiation. 

In 1857 Svanberg" observed that a blackened 
spiral of copper wire, 0.21 mm in thickness, form- 
ing one arm of a Wheatstone bridge, when ex- 
posed to the radiation from his hand, or the walls 
of the room, produced a deflection of the galva- 
nometer needle. Svanberg considered the possibility 
of using his galvanic differential thermometer 11 
place of the Melloni thermopile (the name }b) 
which it was popularly known). But, like the ther- 
mopile, the area of the receiver was too large, ané 
it was too insensitive for measuring narrow bands 
of spectral radiation. 

In that respect the Langley’? bolometer, de- 
veloped almost half a century after the thermopile, 
and consisting of a thin, narrow strip of platinum, 
which forms one arm of a modified Wheatstone 
bridge, remains to this day one of the most sens'- 
tive, quick-acting radiometers ever devised for pre- 
cise spectral radiometry. 

Other types of thermal radiant energy meters 0! 
high sensitivity, which came into use between 188/ 
and 1897, were improvements, by Pringsheim™ ané 
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hy Nichols,* in the Crookes’ repulsion radiom- 
eter, also the Rubens’® thermopile of copper-con- 
stantan (also of iron-constantan), and the Boys" 
radiomicrometer, all of which instruments were 
tudied and intercompared by Coblentz."® 
The high sensitivity of the present-day (thermo- 
couple) radiometer is attained mainly by connect- 
ing it with recently developed electronic or optical 
devices that amplify the response of the receiver. 
For the early beginnings in producing a sensi- 
tive radiometer we have to thank Leopoldo Nobili, 
the modest professor of physics in the archducal 
museum at Florence who, in 1825, while still a 
captain of artillery, in presenting a description of 
his new astatic galvanometer® before the academy 
of sciences of Modena, concluded by saying (l.c., 
p. 125): “I do not attach great importance to this 
idea; but merely to indicate a means whereby 
‘avec le temps,’ meteorology may be enriched with 
4 new instrument.” Incidentally, in the same vol- 
ume in which Nobili* describes his new thermopile, 
in two papers dated a month earlier (Nov. 1, 
1829), this gifted experimenter’® gives a theoretical 
and experimental analysis of the electrophysiologi- 
cal effects upon the nerve of a frog; and he pro- 
poses to treat the two maladies paralysis and 
tetanus by means of electricity ; the former by in- 
ducing artificial tetanus by the action of an inter- 
rupted current, and the latter by the action of a 
continuous current to benumb the nerve. This ap- 
pears to be the forerunner of one branch of present- 
day (electro) physical therapy. 


Ss 


SPECTROMETERS 


As already noted, the forerunner of spectro- 
radiometry was Melloni’s® systematic measurement 
of the diathermancy of a large number of sub- 
stances to 4 sources of radiation—2 luminous and 
2 nonluminous. This disclosed the great trans- 
parency of rock salt to the infrared radiation 
emitted by all these sources (Tr = 92%), thereby 
indicating the way to spectroradiometry with lenses 
and prisms of rock salt. 

Although these early (1834) spectral radiation 
measurements of Melloni® with a lens and prism 
of rock salt showed the possibilities in using dis- 
persed radiation, the low intrinsic sensitivity and 
the great width (2.5 mm) of the thermopile receiver 
militated against the use of a spectroscope. Hence, 
even as late as 1866 a species of filter radiometer 
was used to isolate wide bands of spectral radiation. 

As employed by Tyndall,?° this consisted in the 
measurement of spectral bands of radiation iso- 
lated by a filter; for example, a solution of iodine 
in carbon bisulphide, which has a wide band of 
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high transmission extending from about la to 3u 
im the infrared. 

Considered historically, progress in the produc- 
tion and measurement of spectral radiation has 
been by leaps and bounds. It begins with Isaac 
Newton’s spectral dispersion of sunlight by means 
of a crude glass prism, way back in 1666, Then 
there is a leap of 134 years to the time when, on 
placing a sensitive mercury-in-glass thermometer 
in different parts of the solar spectrum, Willian 
Herschel* observed a rise in temperature of 2° in 
the violet, increasing to 7° in the red and to 9° in 
the infrared. By means of his concave speculum 
metal mirrors he showed that the infrared rays (as 
we now call them) can be reflected, like the visible 
rays ; and even with these crude methods he studied 
the spectral transparency of numerous materials. 

Groups of scientists, like a flock of sheep, are in- 
clined to browse in the same field. Groping along 
blindly, they made observations several years before 
and after Herschel’s measurements that did not 
agree with his as to the location of the maxi- 
mum heating; some finding the maximum in the 
visible, others finding the maximum in the invisi- 
ble, part of the spectrum. This was clarified by See- 
beck,?? who explored the solar spectrum with the 
blackened glass bulb of a Rumford differential air 
thermometer and found that the position of the 
maximum heating in the solar spectrum depended 
upon the composition of the prism (crown or flint 
glass), and that maximum effect is obtained when 
the prism is kept at minimum deviation. 

In the meantime, investigators were busy with 
the determination of the refractive properties of 
liquids, glasses, quartz, etc. It was then realized 
that part of the disagreement in the location of the 
maximum heating in the solar spectrum, as ob- 
served with prisms of different kinds of glass, was 
because the dispersion is not uniform with wave 
length. Mathematical formulas were set up corre- 
lating refractive indices and wave lengths. Using 
sunlight reflected from a speculum metal heliostat 
(but no lenses) and passed through prisms of 
crown glass and of rock salt, MiiNer?* examined 
the infrared solar spectrum with a thermopile, and 
found that it extended to 1.77 or 4.8u, depending 
upon the formula used in making the calculations. 
He was the first to convert his energy measure- 
ments from a prismatic to a normal spectrum (us- 
ing a graphical method, later amplified by Lang- 
ley); he found the maximum emission in the 
visible, which must be considered accidental, 


though true as later established by Langley’s re- 
fined measurements. 
Furthermore, as is now evident from the Lang- 
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ley bolographs, the disagreements in the measure- 
ments made by these early experimenters (some 
finding that the solar spectrum terminated at about 
1.1p, others observing solar radiation out to 1.7») 
occurred because of the almost complete absorption 
of solar radiation by atmospheric water vapor in 
the region of 1.1, 1.4u, 1.94 and beyond 2.6p, de- 
pending upon the solar height (the season, and air 
mass traversed). This would be accentuated in the 
high latitudes where the observations were made. 

Looking back at all this groping, and what ap- 
pears (in many instances) misdirection of effort, 

it is to be noted that as early as 1817 Fraunhofer** 
mounted his prism on a theodolite having achro- 
matic glass lenses, thus forming what is now called 
a spectrometer. Yet, as just noted, even as late as 
1858 Miiller?® muddled along through the solar 
spectrum without using any lenses. 

As already mentioned, the only powerful source 
of radiation then available was the sun. Presum- 
ably these early investigators realized that part of 
the uncertainty in their measurements of the dis- 
tribution of energy in the infrared solar spectrum 
was the lack of achromatism of their rock salt 
lenses. 

For a heliostat mirror these early investigators 
used speculum metal. Concave mirrors of speculum 
metal would have been too heavy, and glass mir- 
rors backed with tinfoil-mercury amalgam would 
have been impracticable. After 1835, when Justus 
von Liebig succeeded in producing brilliant de- 
posits of silver on the surface of glass (by heating 
formaldehyde with an ammoniacal solution of sil- 
ver nitrate), it was possible to make mirrors with 
silvered surfaces. Incidentally, this was the result 
of Liebig’s search for a substitute for the then com- 
mon household mirror made of tin-mercury amal- 
gam, the manufacture of which was poisonous to 
the processor. 

The preparation of glass mirrors backed with a 
film of silver is a relatively simple process, but the 
deposition of a clean, tightly adhering, highly re- 
flecting layer of silver on the surface of a plate of 
glass is a tedious process that did not attain high 
perfection until after 1880. 

I have never seen an explanation of the great 
delay in the use of a spectrometer made of silvered 
concave glass or speculum metal mirrors. Pre- 
sumably it was because of the great weight of the 
metal and the expense of making a suitable spec- 
trometer axis; also, the expense and difficulty of 

producing (and conserving) silvered surfaces, 
which were not covered when not in use and hence 
deteriorated rapidly. Of course, evaporated metal 
surfaces were unheard-of in those days. 
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In 1872 Draper*® used a Silbermann speculy 
metal mirror in his heliostat, and a concav: glas; 
mirror (silvered on the front surface) rigid) 
mounted on a table to reflect different parts of th: 
solar spectrum upon the thermopile. This was x. 
complished by manipulating a series of shutter, 
and proved to be a poor arrangement. 

A few years later a spectrometer, consisting ¢j 
a prism and lenses of rock salt, was used } 
Jacques** in measuring the distribution of energ 
in the spectrum of various sources of radiation, He 
had much difficulty in maintaining good optica 
surfaces. 

These experiences mark the early beginnings oj 
the second epoch in the measurement of spectra 
radiation, when there was an increasing awareness 
of the necessity of making improvements in spec. 
troradiometry. 

In view of the fact that gratings were engraved 
on concave mirrors Of speculum metal, it is under. 
standable why similar mirrors of speculum meta 
were used, and why silver-on-glass mirrors cane 
into use so slowly, especially in a smoke-laden city 

Between the years 1880 and 1886, while still a 
the Allegheny Observatory, Pittsburgh, Langle) 
measured the spectral and total radiation from the 
moon ; also the radiation from the sun and artificial 
sources. For this purpose he used his newly in- 
vented bolometer’? as a radiometer in combination 
with silvered mirrors and spectrometers with : 
Roland grating ;?” also with lenses and prisms 0 
rock salt, or of a glass that was especially diather- 
manous out to 2.54. After coming to Washington 
(in 1888), in addition to his duties as secretary o! 
the Smithsonian Institution, Langley built an As 
trophysical Observatory, introducing innovation: 
in spectroradiometry that were far ahead of his 
time.”® 

Among other improvements these included: (1) 
a large Foucault siderostat mirror of glass, silvered 
on the front surface; (2) a large concave silver- 
on-glass mirror on a fixed pedestal to project and 
focus the solar spectrum upon the bolometer ; (3) : 
large rock salt prism (19 cm high) with a large, 
flat, silvered mirror, mounted on the axis of rota- 
tion of his spectrometer (the mirror keeping the 
beam at minimum deviation as the solar spectrum 
traveled across the bolometer) ; and (4) a photo- 
graphic registration of the galvanometer deflection 
resulting from the heat absorbed by the bolomete: 
in different parts of the solar spectrum. 

Since the incident solar beam is practically paral: 
lel, only one mirror is needed as used by Langle) 
and his successors. With his rock salt prisms, fig: 
ured by his friend John Brashear, Langley was 
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. for the first time, to obtain a fine resolution 
e D lines in the solar spectrum. 

The first use of mirrors instead of lenses in a 
laboratory spectrometer was made in 1883 by 
Pringsheim,”® who combined two fixed silvered 
mirrors of plano-concave glass with a Rutherford 
grating mounted on a spectrometer axis which was 
rotated to focus the spectrum on a Crookes radiom- 
eter.’ With this apparatus he explored the infra- 
red solar spectrum to 1.54. Although continued 
cloudy weather prevented him from making an ex- 
tensive series of measurements, enough was accom- 
plished to point the way to building mirror spec- 
trometers, by skilled technicians, for general 
laboratory use. 

Thus, soon after 1890 the second epoch of infra- 
red spectroradiometry began. It marks the first real 
beginning of a quantitative investigation of the 
spectral infrared absorptive, emissive, reflective, 
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and refractive properties of materials, which has 
continued for over half a century. That the dis- 
covery of the spectral absorptive properties of ma- 
terials would have a practical application could not 
then be foreseen. Or, if foreseen, this method of 
spectrochemical analysis would have been too 
costly. Furthermore, the real need did not arise 
until three or four decades later. 

About 1940 we entered the third epoch of spec- 
troradiometry. The practical methods of applica- 
tion of the information on instruments and methods 
of spectroradiometry and on infrared absorption 
spectra of substances, accumulated during all the 
intervening years, have developed by leaps and 
bounds in recent years, and have attained a high 
state of perfection in a remarkably short time. The 
regrettable thing is that this sudden advance could 
not come in peaceful surroundings, and be used 
wholly for peaceful purposes. 
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HE blue color of the open spaces of the 

ocean, like the color of the clear sky, is a 

physical phenomenon caused by the scat- 
tering of light against particles smaller than the 
shortest wave length of the visible spectrum. This 
explanation, consistent with present scientific evi- 
dence, implies that light may be scattered either by 
the molecules of water itself or by highly dispersed 
minute particles suspended in it. The pure and 
highly transparent water of the open sea contains 
no special coloring substance that could give it 
its remarkable hue. 

As one approaches the shore the change in color 
and in the transparency of water becomes notice- 
able. Dark-blue shades give place to greenish or 
yellowish coloration and the water becomes more 
turbid. The presence of a water-soluble “yellow 
substance” derived from numerous small algae 
(phytoplankton), which thrive in coastal areas, 
causes the change in color, and pigment-bearing 
microorganisms, which abound in plankton, greatly 
increase its turbidity. The muddy appearance of 
large stretches of the sea near the mouths of big 
fivers is due to mineral particles brought in with 
land drainage. Water containing a large amount of 
suspended material, which changes its normal blue 
color, is called “discolored.” 

Pronounced discoloration of water caused by 

Above: Line of dead fish, photographed from the air at 
about 500 feet altitude, marks the path of the red tide off 
the Florida coast. (St. Petersburg Evening Independent 


Staff photo.) Left: Dead fish floating in water, as seen 
‘om low-flying plane. (St. Petersburg Times photo.) 
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the Bikini atomic-bomb 
microscopic 


though it may frequently be observed in fresh 


rapid multiplication or by swarming of 
organisms is often referred to as “blooming.” 


water ponds and in the reservoirs supplying our 
cities with drinking water, blooming rarely attracts 
the attention of the layman. It does, however, pro 
voke his indignation, and bitter complaints against 
the “oily” flavor of drinking water (caused by the 
presence of diatoms, flagellates, and green and blue 
green algae), or against the unpleasant taste re 
sulting from chemical treatments used to destroy 
these undesirable although harmless organisms. 
The incidents of the blooming of the sea are more 
rare. They usually excite public curiosity and con 


cern, especially when the water along the beaches 


or in the vicinity of coastal towns becomes red and 
the discoloration is accompanied by mortality of 
fish, shellfish, birds, and other denizens of the sea 

The exact conditions that provoke blooniung are 
not known. Under normal situations there exists 
in the sea a balance between the populations of 
different species of animals and plants comprising 
its plankton. The equilibrium is rather unstable, for 
the ratio between the various organisms is not 
fixed. It changes almost daily and may easily be 
upset by a rapid growth of a population of a single 
species, almost to the exclusion of all others. If the 
rapidly multiplying organisms contain green, red, 
or other pigment, the color of the water changes 
accordingly. 

* Article published by permission of the Director, U. S. 
Fish and Wildlife Service, 
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An excellent illustration of blooming is the re- 
peated rapid propagation of a diatom, Aulacodiscus 
kittoni, along the shores of Copalis Beach, in the 
state of Washington. Outbursts of rapid reproduc- 
tion of this diatom may occur several times during 
one year. They can be easily observed from the 
shore. Persons who have studied the phenomenon 
report that under certain combinations of meteor- 
ological conditions the growth of the diatom is so 
rapid that within a few hours brown patches of an 
almost pure culture of it appear on the surface of 
the sea. They are carried by the waves and de- 
posited on the beach in layers several inches thick. 
Blooming of Aulacodiscus usually lasts for only a 
few days and has rio harmful effect on fish or shell- 
fish. After it has ceased, normal equilibrium be- 
tween the various species of plankton is re-estab- 
lished until the next outburst, which apparently 
occurs after light rain. The exact conditions that 
favor rapid growth of the Aulacodiscus population 
are, however, not known. It is interesting to note 
that in this case the blooming is restricted to a 
rather narrow surf zone several hundred feet wide, 
and does not extend farther offshore. 

Rhizosolenia, a common pelagic diatom, has 
been frequently reported as the cause of the bloom- 
ing in various parts of the ocean. Along the west- 
ern coast of Japan the swarming of this alga in 
August-September, forms extensive “oily patches” 
on the surface of the water (Gaiya), and, according 
to Ussachev, from September to December the 
surface of the water of the Sea of Azov is covered 
with such a thick film of this alga that the sea has 
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“an appearance of a placid swamp with typical od), 
and dark brown color.” 

Swarming of a colonial flagellate of the gen, 
Phaeocystis is often responsible for brownish dj. 
coloration of water in moderate latitudes. Seyer, 
species of this slime-covered alga, whose colonic 
are visible to the naked eye, have different temper. 
ature tolerances. The range for Phaeocystis poy. 
cheti is between 1.0° and 11.6° C, whereas P) 
globosa prefers warmer water—between 6.3° an; 
16.7° C. Swarming of Phaeocystis is of grey 
practical significance to fishermen in the Nor 
Sea, for the alga is extremely offensive to herring 
and they are never found in the areas where Pha. 
cystis is abundant (Savage). 

Dark- and bluish-green water is usually cause 
by the blue-green algae (Myxophyceae). The cel 
of these plants contain two pigments: the blue. 
green phycocyanin and the red phycoerythrin. The 
proportions of the two pigments vary in differen 
species, some of them having only one pigment 
The preponderance in plankton of the specie 
rich in phycoerythrin may cause red discolora- 
tion. Thus the names of the Red Sea and of the 
Vermillion Sea (Gulf of California) reflect th 
fact that the blue-green alga Trichodesmium ery- 
thraeum abounds in their waters. Other species o/ 
Trichodesmium are often found in very large num- 


bers in the open sea around Japan, in the Brazilian 


current, in the waters of the West Indies, and in 
the Gulf of Mexico. It has been reported that 
Trichodesmium film may extend in the open ocear 


over tens, or even hundreds, of square miles and 


Masses of a diatom, Aulacodiscus kittoni, deposited by surf on tidal flats of Copalis Beach, Washington. 
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at its presence, which can be detected from the 
eck of a ship by a noticeable odor of chlorine, 
ims down the waves (Delsman). The growth of 
blue-green algae in the brackish waters of the 
Azov and Baltic Seas is so prolific during the sum- 
mer that the surface of the sea “has an appearance 
pf a green meadow” (Knipowitch). 

Red discoloration of sea water may be caused by 

great variety of organisms. Swamps along the 
seashores of Denmark are often full of red water 
ecause of the prolific growth of purple sulphur 
bacteria (Chromatium, Thiopedia, and Thiocystis), 
nd the red water of the Sicilian “Lake of Blood”’ 
s caused by the luxurious growth of Thiopolycoc- 
us ruber, Thiopedia rosea, and other species 
Forti). Rhodothece pendens, Rhabdomonas rosea, 
and other sulphur bacteria color the sea near Hel- 
poland “as though with rose-red milk of sulphur” 
Ellis). Several species of sulphur bacteria are 
ommonly found in the lagoons along the north- 
eastern coast of the Black Sea and in marine bot- 
oms off the northern coast of European Russia 
(Issatchenko) . 

Red color caused by sulphur bacteria is ap- 


parently harmless and has no effect on marine 


populations. A serious situation results, however, 
rom the outburst of propagation of various species 
of dinoflagellates, which frequently cause red or 
brownish discoloration of large areas of the sea. 
In many instances the red color of the water caused 
by these microorganisms occurs simultaneously 


)with mortality of fishes and oysters. 


One of the earliest published records of red wa- 


ter, or red tide, is that of Charles Darwin, who, 
}during the voyage of H. M. S. Beagle in 1832 off 
the coast of Chile, took a sample of water which 
had a “pale reddish tint” and, examined under a 


microscope, “was seen to swarm with minute ani- 
malculae darting about and often exploding.” 
Along the coast of Peru the frequent occur- 


Mrences of red water are invariably accompanied 


by extensive fish mortality and liberation of H,S. 
Locally, the phenomenon is known as aquaji. Gun- 
ther, who studied the plankton and the discolora- 
tion of water in this area, states that the outburst 
of red water is provoked by a sudden rise in tem- 
perature and convergence of the abnormal counter- 
current known as El Nifio. The exact cause of the 
Peruvian red water has not yet been ascertained, 
but it is probably due to dinoflagellates, for Gun- 
ther maintains that the orange-colored water con- 
tained large numbers of flagellates with red pig- 
ment. 

Similar occurrences of red water, frequently 
associated with fish mortality, have been reported 
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from the Malabar Coast of India, from Australia, 
various places in Japan, South Africa, the west 
coast of the United States, British Columbia, the 
Gulf of Mexico (west coast of Florida) and Nar- 
ragansett Bay. Unfortunately, nowhere has sys- 
tematic study of the red-water phenomenon ever 
been made; the observers usually record the time 
and location, occasionally give temperature and 
salinity data, and sometimes state the identity of 
the microorganisms responsible for discoloration. 

Japan has paid more attention to the study of 
the red tide (akashiwo in Japanese) than any other 
country, probably because of the extensive damage 
caused by red water to valuable pearl-oyster 
grounds. According to Aikawa, between 1899 and 
1934 there were twenty-four*recorded occurrences 
of discoloration of water in Japan, sixteen of which 
were accompanied by mortalities of fish and shell- 
fish. Of these instances, three were caused by 
Noctiluca, nine by other dinoflagellates, five by 
diatoms, and one by blue-green algae. The cause 
of the others was not determined. Ago Bay (34°17’ 
N. and 136°47’ E.) was the place of the most fre 
quent outbursts of red tide, which appeared there 
seven times, causing some damage to pearl oysters 
and inflicting particularly severe losses in the win- 
ter of 1933-34. Next in frequency was Tokyo Bay, 
where discoloration was recorded three times. The 
records summarized by Aikawa show that in Japan 
red tide may take place at any season of the year.* 

Along the coast of California, near La Jolla, red 
discoloration of water is of common occurrence. 
It was reported for the years 1906, 1907, 1917, 
1924, 1933, and 1935. The zone of discoloration 
sometimes covers a large area extending for about 
three miles along the coast. Red water is often ob- 
served along the seacoast of the state of Wash- 
ington and of British Columbia. Undoubtedly there 
are many other instances of red tide that remain 
unrecorded. 

Red discoloration is also caused by swarms of 
Noctiluca, a naked dinoflagellate widely distributed 
in the Atlantic and Pacific Oceans ; by dense popu- 
lations of a marine ciliate, Mesodinium rubrum ; by 
local concentrations of medusae (Aurelia and vari- 
ous siphonophores) ; by copepods (Calanus fin- 
marchicus); and various species of crustacea of 
the group of Euphausiidae, which constitute the 
principal food of whales. There is no evidence that 
any of these forms are responsible for mass mortal- 
ity of fish. 

Several species of armored and unarmored dino- 

*I gratefully acknowledge the courtesy of Dr. Charles 


J. Fish, who made available to me abstracts of Japanese 
publications translated in his office. 
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flagellates listed as the cause of red water require 
particular attention. Gymnodinium splendens, G. 
sanguineum, G. mikimoti, Cochlodinium catenatum, 
Polykrikos schwartzii, Pouchetia rosea, Gonyaulax 
polygramia, and G. catenella have been frequently 
observed in Japan; Peridinium triquetra in S. 
Africa; Prorocentrum micans in California; Gym- 
nodinium splendens and Gonyaulax alaskensis in 
Puget Sound; Glenodinium rubrum in Australia ; 
Amphidinium fusiforme in Delaware Bay; and 
Gymnodinium brevis along the west coast of Flor- 
ida. In the absence of a comprehensive study, one 
may consider that the list is not complete and that 
some of the identifications made in the field are 
only tentative. Some of the above-listed dinoflagel- 
lates are apparently nontoxic. Thus, there is no 
evidence on which to suspect Amphidinium fuss- 
forme, Glenodinium rubrum, Polykrikos, and 
Pouchetia. The evidence against the others is 
mostly circumstantial, the accusations being based 
on the fact that the species was predominant in the 
red water at the time of mass mortality of fish or 
shellfish. The proof that several species of Gym- 
nodinium and Gonyaulax are toxic is provided, 
however, by both field observations and laboratory 
experiments. 
The rate of propagation of any unicellular or- 
ganism that multiplies by division is very rapid. 
The division of each mother cell gives rise to two 
daughter cells, which in turn repeat the process 
at regular intervals. Since there is no death of the 
parent cells, the unicellular organism reproducing 
in this manner may be considered potentially im- 
mottal. The growth of the population of such a 
form increases with geometrical progression and 
may be expressed in a general formula, 2” = Nz, 
where ¢ is the number of days since the beginning 
of propagation, p is equal to the number of gener- 
ations per day, and N; is the total number of indi- 
viduals comprising a population on a given day 
after the beginning of propagation. The formula is 
employed by Wernadsky to express the universal 
property of living matter, namely, its ability for un- 
limited expansion. The formula does not take into 
consideration the mortality caused by accidental 
death or predation by other organisms. Under 
actual conditions in the sea, these two factors are 
of great importance, for they provide the mech- 
anism that maintains an equilibrium between the 
various members of the planktonic community. 
With favorable physical conditions and abundant 
supply of nutrient material, the growth of a popula- 
tiorl of marine protozoa may be extremely rapid, 
approaching its theoretically possible rate. The 
spate available for the expansion of a growing 
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population in the sea is almost unlimited, and 
reserve of nutrient material may last for sey, 
weeks, or even months. Eventually, changes jp 

temperature and in other factors of the envyiro, 
ment, and the exhaustion of the food supply, g 
down the process and the blooming grady, 
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Aulacodiscus kittoni. 






an adequate supply of nutrients. Plankton sample 
collected during the outbreak of red water off: 
Florida coast showed that red discoloration \ 
invariably accompanied by the predominance 
plankton of Gymnodinium brevis (new species 
described by Davis). Several species of diatom: 
copepods, marine Cladocera (Evadne), and lame: 
libranch larvae were also present, but in the patche: 
of red or brownish water the Gymnodinium was {i 
more abundant than all the rest of the plankton 
organisms put together. Woodcock estimated dur: 
ing one of the field trips that samples of deep-rei 
water contained as many as 56 million Gymmnodit- 
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ium per liter. The water was slimy with mucus fed or k 
apparently derived from broken Gymmnodiniwi[fi™iNaples. 
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logical to conclude that an additional quantity « 
nutrient salts, and particularly of phosphates, be 
came available to sustain its rapidly growing popt 
lation. Partial confirmation of such an assumptiongmmpecame 
is found in the chemical analyses of samples of re‘ jmpecumu 
water made by Ketchum, of the Woods Holjimper linc 
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eanographic Institution. He found that surface 
nples collected in a red-water area contained 
m five to ten times as much total phosphorus as 
d ever been encountered in the oceanic waters 
contaminated by land drainage or domestic pol- 
ion. 

Two explanations suggest themselves. High con- 
nt of total P may be due to the swarming of 
wnnodinium in the upper stratum, whereas the 
opagation of this organism may have taken place 
the entire column of water. In this case the 
osphorus extracted from the deeper layers was 
iply transported to the upper level. On the other 
nd, if the propagation of the Gymnodinium was 
stricted to the surface layer, it means that there 
as an additional supply of phosphates in the sea. 
resent observations do not answer the question 
t point to the necessity of a comprehensive study 
vertical and horizontal distribution of total phos- 
orus and other nutrients in the area affected by 
d water. 

The possible source of the additional supply of 
osphorus is of great interest. The southern half 
Florida abounds in phosphate rocks that are ex- 
nsively mined. Large quantities of phosphate, 
sed as fertilizer, are loaded from a platform on 
e of the islands near the Fort Myers area and 


ipped by water. Whether there exists a way by 
hich the phosphate deposits are washed away or 
h other manner reach and fertilize coastal waters 
bn be determined only by further studies. At 
resent, further speculation along these lines does 
tt seem to be justifiable. 


The occurrence of discolored water along the 
est coast of Florida in 1946-47 can serve as an 
lustration of a typical outbreak of poisonous red 
ater, Unfortunately, at the first signs of mortality, 
the latter part of November 1946, no competent 
ilogist was engaged in any field studies in this 
ection of the coast, and the beginning and spread 
f mortality can be reconstructed only from oral or 
ritten reports of fishermen and owners of shore 
roperties. About November 20, mackerel fisher- 
en noticed dead or dying fishes in the patches of 
ed or brownish water fourteen miles offshore from 
vaples. The “Red Tide,” as it was immediately 
alled, spread northward, reaching in December 
nd January the inshore waters near Sanibel and 
aptiva Islands. Fish continued to die, and millions 
f dead carcasses were floating in the water or were 
ast ashore. All the beaches in the Fort Myers area 
tccame littered with dead bodies of fish, which 
cumulated at the rate of more than 100 pounds 
tt linear foot of shore line. In February 1947, 
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carcasses of fish were washed ashore on Englewood 
Beach, marking the northernmost extent of mor- 
tality ; Cape Romano appeared to be the southern- 
most limit. The strip of discolored water was con- 
fined to the coastal zone, extending from five to 
eight miles offshore. Beyond this area the sea water 
was clear and of normal dark-blue hue. 

According to the observation conducted by the 
Marine Laboratory of the University of Miami, 
all kinds of animals perished in the red water, in- 
cluding a small number of turtles and porpoises 
(Gunter, Williams, Davis, and Smith). A great 
many common commercial and noncommercial 
fishes were recognized in windrows piled on 
beaches or among the carcasses floating in the 
water. Likewise, the pelagic and bottom inver- 
tebrates succumbed to the unknown poison. Large 
numbers of dead shrimp were noticed, as well as 
common blue crabs, fiddler and mud crabs, bar- 
nacles, oysters, and coquinas. Observations made by 
me in March 1947, around the Fort Myers area, 
disclosed that about 80 percent of the edible oyster 
Ostrea virginica, grown on piles, were dead. Clean 
inner surfaces of their shells, free from any fouling 
organisms, indicated that death had occurred only 
recently. No mortality was observed among the 
hard-shell clams, V enus mercenaria, and no reports 
were received of the destruction of ducks, gulls, and 
other birds inhabiting the inshore waters, although 
later on some of the residents of Largo, Florida, 
told me of thousands of sea gulls and pelicans 
“which died from eating the fish poisoned by the 
red tide.” Unfortunately, there was no opportunity 
to verify these statements. 

Red water gradually disappeared, and normal 
conditions were restored in March 1947, but a few 
scattered outbreaks of red discoloration and fish 
mortality were reported in April from Key West, 
Marathon, and Cape Sable. 

Early in July 1947, the red tide reappeared in 
the same place. On or about July 6 the streaks of 
red water, three to six feet wide and about one 
hundred feet long, were observed along the beaches 
near Venice, Florida, and in areas to the south. 
Within a week the area of discolored water ex- 
tended from the tidé line to approximately fifteen 
miles offshore. Witlisthe surface current it slowly 
spread northward and by July 30 reached Anna 
Maria Key, South of Tampa Bay. By August 5 
the red danger extended about fifteen miles north 
of Clearwater. Fish killed during the second out- 
break probably exceeded the number destroyed 
during the first one. An accurate estimate is 1m- 
possible, but considering the numbers washed up 
on beaches and the carcasses carried out by the 
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Mass of dead fish deposited at edge of water at high tide. (Photo by John Evans, St. Petersburg Times 


tide, it is highly probable that from one to two 
hundred million pounds of fish were destroyed. 
Tightly packed masses of dead fish in bands one 
hundred to two hundred feet wide and extending 
over a great distance along the coast were observed 
several miles offshore. W. Anderson, of the U. S. 
Fish and Wildlife Service, who made field observa- 
tions at the time of summer mortality, states that 
when flying or sailing over the affected areas “one 
was seldom out of sight of dead fish.” 

Spectacular and disastrous as it was, the out- 
break of the red tide in Florida was not without 
precedent. Since 1844, the year of the earliest 
record, the discoloration of sea water, accompanied 
by an extensive mortality of fish along the east 
coast of the Gulf of Mexico, has been reported 
several times. One of the more recent outbreaks, 
in 1916, in the Fort Myers area, fully described 
by Taylor, will be discussed later. 

In the mind of the layman, mass mortality of 
fish appears to be convincing evidence of the poi- 
soning of water by some unknown and powerful 
chemical dumped into the sea, or by release of 
poisonous gases from the bottom as a result of an 
earthquake or volcanic disturbance. The fact that 
red water contains myriads of living and rapidly 
multiplying microorganisms contradicts this popu- 
lar belief. It is reasonable to expect that water con- 
taining strong chemicals deliberately dumped into 
it, or poisoned by volcanic gases, would be much 


more toxic to delicate unicellular organisms thar 
to fish, shellfish, and crustacea, which in gener: 
have greater resistance. Deprived of plankton th: 


sea water would appear crystal clear and high 


transparent. We know, however, that red water 


is very turbid and overloaded with plankton. 


One might suspect that death of fish or shell 
fish in red water is due to suffocation, caused }) 
the occlusion of their gills. This explanation, ofte 
advanced, is not confirmed by my observation 
during the recent outbreak of red tide in Florida 
The gills of dead mullets and thread herrings col: 
lected in red water near Fort Myers, Florida, wer 
not covered by any foreign material, and the 1- 


ternal organs appeared to be normal. 


Frequently, references are made to the odor 0! 
H,S emanating from red water. These statement: 


lead to the belief that the death of fish may be dt 


to the lack of oxygen. It is true that decompositi" 
of great masses of fish and plankton may exhaws 


the supply of oxygen—but field observation shov 


that this takes place only in limited areas, clos 


to the shore. No deficiency in oxygen content 
water sufficient to be detrimental to fish was fou! 
in the affected area in Florida. 


Judging by the description given by fisherme 
and residents along the sea beaches, death of fis 
As the 
of re 


entering red water comes rather suddenly. . 
fish (mullet, for example) enters the patch 
water it begins to act rather strangely, coming! 
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»e surface, whirling around, then turning on its 
ide or floating stomach up, and finally sinking to 
ne bottom. This suggests that some unknown sub- 
tance in red water specifically affects the nervous 
enters controlling equilibrium and respiration. 

There is convincing evidence that this substance 

derived from plankton. Experiments performed 
by the Miami Laboratory showed that sheepshead 
minnows (Cyprinodon variegatus) died in 22-46 
ours after being placed in a tank filled with water 
ontaining live Gymnodinium brevis, whereas 
Bhere was no mortality among the fishes placed in 
similar tank filled with water from Biscayne Bay, 
in which Gymnodinium was absent. 

A series of experiments performed by me at the 
Voods Hole Laboratory proved that a toxic sub- 
tance can be extracted from red plankton by acidi- 
hed alcohol. The residue, redissolved in sea water, 
as lethal to killifish (Fundulus heteroclytus) in 

concentration of 1: 250, in which the fish died 
ithin 1 hour 25 minutes. Fundulus placed in this 
Molution soon loses equilibrium; it turns on one 
Side and unsuccessfully attempts to right its body. 
Arregularity of respiratory movements and floating 
With belly up appear after a more prolonged ex- 
“posure and are followed by death if the fish is not 
“Femoved from the poisonous solution. 

» Less pronounced effects, shown only in a loss 
‘of equilibrium, are apparent even in the dilution 
4: 1,000. Greater dilutions (1: 2,000) of red extract 
Hand extracts prepared for comparison from plank- 
“ton consisting mostly of diatoms collected in Woods 
"Hole Harbor were harmless. 
) The effect of the red-water extract was also 
tried on small toadfish (Opsanus tau) and on 
' young horseshoe crabs (Limulus polyphemus). In 
“Rll these cases the test animals perished in a short 
“ime, the time of their survival depending on the 
Foncentrations used. 
) Red-water extract was found also to have a 
‘Pronounced effect on the development of sea ur- 
hin (Arbacia) eggs. By using a portion of the 
ame sample of red water that I used to prepare the 
)extract, Corman has demonstrated that in 1: 5 dilu- 
ion of red water the rate of cleavage of sea urchin 
ggs was retarded by 27 percent and that the eggs 
ere cytolized in 1: 2 dilution. Comparing his re- 
Bults with my data, Corman thinks that there may 
be some parallel between the toxicity of red-water 
tract to Fundulus and the retardation of cleavage 
f Arbacia eggs by the untreated sample. 
| Visitors to the coast of California are familiar 
ith the signs prominently displayed on rocks and 
long the beaches warning them against the con- 
umption of mussels from the first of May to the 
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end of November. The reason is that during this 
period the mussels may be poisonous. The symp- 
toms of mussel poisoning in man or animal may 
appear immediately after the consumption of toxic 
shellfish. They are entirely of nervous origin and 
begin with a prickly feeling, followed by numbness 
in the lips, tongue, and fingertips. The progress of 
the intoxication is accompanied by muscular in- 
coordination with ascending paralysis. In severe 
cases death from respiratory failure may occur 
2-12 hours after the consumption of the fish. Gas- 
trointestinal disturbances are rafe, although vomit- 
ing may develop in severe cases. 

During the periods of low toxicity of mussels 
small amounts of poison are frequently ingested 
with the shellfish meat without any ill effect on 
humans. The mussel poison is, however, the strong- 
est one known to science and one for which no 
antidote has yet been discovered. The substance 
is stable in acid or neutral solution, withstands 
heat, but can be gradually destroyed by boiling in 
alkaline solution. The exact chemical nature of 
mussel poison has not been determined, but it i. 
known that the toxic principle belongs td the class 
of alkaloids such as strychnine, muscarine, and 
aconitine. Since the poison has no odor or flavor, 
ordinary inspection will not distinguish poisonous 
shellfish from normal ones. 

The presence of poison is usually established in 
the laboratory by making tests on white mice or 
kittens. Prevention seems to be, therefore, the only 
safe method of protection. This consideration led 
the Health Departments of the Pacific Coast states 
to establish a quarantine for mussels in surhmer 
months and at such other times as laboratory tests 
show them to be dangerous for human consump- 
tion. Research conducted with the support of the 
William Hooper Foundation of the University of 
California provides evidence that the original 
source of mussel poisoning is a plankton containing 
large numbers of Gonyaulax catenella, a dinoflag- 
ellate that thrives during the summer months and 
frequently is the cause of the red water along the 
coast of California. 

Like other lamellibranchs, mussels feed by filter- 
ing large quantities of water. They ingest the 
Gonyaulax and store its poisonous substance in the 
digestive gland without suffering any ill éffect 
themselves. The Gonyaulax theory is based pri- 
marily on the correlation between the rise and fall 
of mussel toxicity and the increase and decrease in 
the abundance of G. catenella in coastal water. The 
toxicity of mussels completely disappears shortly 
after the disappearance of this microorganism. 

Direct evidence of the toxicity of another species 
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Bulldozers were used to bury dead fish littering Florida beaches. (St. Petersburg Independent staf€ photo.) & ward 
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of dinoflagellates was demonstrated in 1938-39 by observations are not yet sufficient to arrive at 
H. J. Koch, who showed that mussel poisoning in definite conclusion regarding this question. 


the marine canal between Bruges and Zeebrugge, 
Belgium, was caused by the ingestion by these The outbreak of the red tide in Florida in 1946- 






















mollusks of a microorganism described by Wolos- 47 was accompanied by a strange phenomenor found 1 
zynska and Conrad as Pyrodinium phoneus, n. sp. which greatly added to the discomfort and distres shape ¢ 
Taking advantage of a strong positive phototropism of the residents of the beaches and islands of the [the cell 
of this dinoflagellate, Koch collected large quanti- coastal area. With the onshore wind and breaking that th 
ties of Pyrodinium and extracted from them a_ of the surf an odorless but highly irritating “gas’ [B¥stance, 
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highly toxic substance which killed white mice in emanated from the water. It caused spasmic cough- JRthis que 


90 seconds. Furthermore, normal mussels placed ing, a burning sensation in the throat and nostrils 
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for 18 hours in water to which Koch added known and irritation of the eyes. Local residents, exper 
numbers of Pyrodinium acquired strong toxicity, menting with samples dipped from the sea, ob- JB jand pre 
directly proportional to the concentration of the served that strong coughing was produced by in: pmarine 
dinoflagellate. haling vapors emanating from the water heate’ JB &certain 
The question of whether the toxic principle of _ over the kitchen range. For several days, when on ition i i 
red water, so destructive to fish, is identical with shore winds persisted, life on Captiva and other [Ry 
the paralytic shellfish poison, or whether we are _ islands of the affected area was very uncomfortable J 
dealing with two different chemicals, remains un- Virtually the entire population was sneezing ani 
answered. Samples of Florida red water which coughing and suffering from other symptoms 1 J 
yielded extracts toxic to fish were sent by me to sembling those of a heavy cold or hay fever. Thi 
the Food and Drug Administration of the Depart- disagreeable experience strengthened the gener! J 
ment of Agriculture for bioassy. The results were belief that poisonous gases, dumped into the se 
negative, however. Likewise, no shellfish poison were coming from the water. The “gas” did not, [Ry 
was detected by the Fisheries Technological Labo- however, affect persons living a few hundred fee J 
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ratory in College Park in clams grown near Fort from the beach. 
Myers in the area affected by red water. Present The occurrence of an irritating substance in dis 











pruary 1949, Volume LXVIII 





plored sea water was not entirely new. It was 
ported from the same area by Taylor, who in- 
pstigated the mortality of fishes on the west coast 
Florida in October-November 1916. Taylor 
rites that “the gas was very violent and many 
eople telephoned for medical assistance for ‘cold 
the head,’ ‘sore throats,’ ‘cold in the chest,’ etc. 
myself, have suffered quite acutely for the past 
ve days, but the worst of the gas seems to be 
ing now.” Another occurrence of the “poisonous 
s” coincident with a mortality of fishes was 
corded in Texas by Lund in 1934. Woodcock, 
tho studied the transfer of water droplets over 
ie air in the red-water area in Florida, suggested 
at the irritating substance may be projected into 
he air when small bubbles burst on the surface of 
reaking waves. Indirect evidence in support of this 
iew was found in the following tests. Spraying 
to the nose of a small amount of sea water con- 
ining 15-56 million Gymnodinium brevis per 
iter caused coughing and sneezing and produced 
burning sensation in the nose and throat. A 
similar reaction was produced by inhaling samples 
bi red water heated to about 80° C or slightly 
igher. At this temperature, clouds of fine bubbles 
ise to the surface and burst. The irritating effect 
eases as soon as heating and bursting stop. Tiny 
water droplets arising from heated red water were 
caught by Woodcock on the surface of a micro- 
scope slide covered with hydrophobic silicon film. 
“Examining the droplets under the microscope, in a 
pecial chamber which prevents evaporation, | 
Mound that they contained yellowish granules, in 
hape and color similar to the granules found in 
the cells of Gymnodinium. It is tempting to infer 
sthat these droplets contained the irritating sub- 
stance, but more detailed study is needed before 
this question can be settled. 
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| Is it possible to control the outbreak of red tide 
and prevent the mass destruction of fish and other 
)marine forms? The question may be answered with 
certain reservations. Although control of any con- 
dition in the sea presents great difficulties, it may 
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be not entirely impossible. Our ability to under- 
stand the cause of a phenomenon and to foresee its 
occurrence is the first step toward solving the 
problem of its control. Several attempts to stop 
the red tide, or at least to mitigate its effect, were 
made by Japanese scientists. Taking advantage of 
the known fact that dinoflagellates are very delicate 
creatures and can be killed by low concentrations 
of poisons, they applied weak solutions of copper 
sulphate, calcium hypochlorite, and free chlorine to 
destroy them in harbors and bays. To protect the 
valuable pearl oysters from contact with the poi- 
sonous plankton, they used simple mechanical 
methods and covered the oyster beds with matting. 
In the absence of detailed reports, it is difficult to 
appraise the practical results of these efforts. It 
is claimed by the Japanese, however, that they were 
successful. 

From a purely theoretical point of view, chemical 
control of the red tide appears to be feasible. Red 
patches of water containing rapidly growing popu- 
lations of dinoflagellates can be easily spotted from 
the air. By spraying or dusting them from a spe- 
cially equipped airplane, growth of the dinoflagel- 
lates probably may be stopped, or at least localized. 
It appears doubtful, however, that any control 
would be possible after the red water has spread 
over many hundred square miles of the open ocean. 

The red tide may be considered as a special case 
of the blooming of the sea. The study of this phe- 
nomenon leads into interesting and but little ex- 
plored fields of science. It may reveal intricate 
and very complex conditions which determine the 
numerical relationship between the different marine 
populations and therefore greatly increase our 
knowledge of marine ecology. The human health 
aspects of the phenomenon are fascinating because 
we are dealing with such a powerful poison. Studies 
of its origin, chemical composition, and mode of 
action may be the objects of fruitful scientific in- 
vestigation and lead to important discoveries. Let 
us hope that explorations along these lines, which 
can be undertaken only by a large research organ- 
ization, will no longer be neglected. 









































EDICAL research is a clear and simple 

example of “One World of Science.” 

The knowledge derived from such re- 
search is directly applied in the practice of medi- 
cine, a field of human endeavor unified throughout 
the world. Medicine is the only world-wide pro- 
fession that pursues the same humanitarian aims 
and uses the same methods everywhere. It posses- 
ses such catholicity of method, and there is such a 
universal demand for its services, that the physi- 
cian can render his service in the same environ- 
ment in every country in the world. 

This universality is natural because, first, disease 
is a curse on all living things. It attacks all per- 
sons, irrespective of their position in society. When 
the methods of prevention and cure of a disease 
are truly known, they are universally applicable 
for the eradication or amelioration of the disease. 
Second, next to the conquest of hunger, the con- 
quest of disease has been of greatest concern to all 
peoples. The benefits derived from the conquest 
of power 4nd space, and the production of more 
comfortable living conditions, are empty luxuries 
without health to enjoy them. Third, sympathy for 
the sick, suffering, and dying is a widely felt senti- 
ment, and it is everywhere recognized that the 
physician has reverence for the life of the individ- 
ual and, through the individual, for the life of the 
community and of all humankind. The moral obli- 
gation of the medical and allied professions to 
provide assistance to the suffering has been re- 
spected by every civilized group except when in- 
sane fanaticism has suppressed all moral restraints. 
In warfare, the dogtors, nurses, medical corpsmen, 
and Red Cross workers of belligerent nations are 
classified as noncombatants. It is understood that 
the participation of medical personnel in hostili- 
ties is for the purpose of salvaging, not destroying, 
life. Amidst havoc and conflict, medicine is now 
the only scientific agency that knows no distinc- 
tion between friend and foe when disease and 
suffering are at hand. It is clearly recognized 
throughout the world that medicine and medical 
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MEDICAL RESEARCH: OPERATION HUMANITY 


ANDREW C. IVY 
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research constitute an operation for humanity, 4 trod 
for humanity alone. pittend 
Gucted 
THE UNITY OF MEDICINE AND SCIENCE Resear 
But medicine and the other branches of scien:{R @!98!¢ 
are inseparable and have been so since the \{ @2Ve" 
ginning. Simultaneously, the mysterious nature Re # 
disease and of the heavens stimulated the mind Jy 
primitive man, giving rise to medicine and astro: i s 
omy, both closely associated with his religiy ‘ apt 
Medicine, like astronomy, was the mother of ma : ountl 
of the natural sciences. And it was a physician w) J The 
first introduced and adopted the scientific proces fH Bt" 
or method, called in medical research the Hippy 850 





cratic method. 

The progeny of medicine and astronomy—chen 
istry, physics, and mathematics—have made tr 
mendous contributions to medical research ; 
the cure and prevention of disease, and there caf 
be no doubt that progress in medical science 
intimately related to progress in all the natur 
sciences. In fact, all branches of learning and cre: 
tive effort moye forward together. Moreover, ' 
cannot be repeated too frequently that soce 
and governmental attitudes may deter or fac! 
tate progress. Governments and government: 
agencies throughout the world should keep « 
mind that the doctrines of totalitarianism s 
pressed the free functioning of the human m 
and entombed the gifts of Hippocrates, Aristoti 
and Galen for a thousand years during the Dar 
Ages. This dogmatic authority had to be broke M7 
before the natural sciences and the humanitiey 
could again go forward together. polve 

Thus, the factors involved in human progres—R eS" 
are seen to be so interdependent that every grou yello 
that has fostered creative and cooperative effo: 
has contributed to the advancement made durin yt 
the past hundred years. 
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j nce 1848, is great cause for rejoicing, but the 
sults of the application of science to the pre- 
Sention and control of suffering have become so 
ommonplace that many of us have lost our appre- 
; ation of them. Since the founding of the AAAS, 
Saccination, anesthesia, aseptic surgery, investi- 
gation of the causes and the methods of control 
i infections and parasitic diseases, radium, the 
K-ray, the electrocardiograph, sulfa drugs, avia- 
Bon medicine, antibiotics, insect control, and the 
“Aciences of sanitation and nutrition have been 
f troduced. In addition, phenomenal results have 
“Attended experimental studies that have been con- 
Ducted in every civilized region of the world. 
Researches in the physiological, biochemical, path- 
j logical, bacteriological, and histological fields 
ave rendered it possible to make diagnoses of dis- 
"Base and to apply surgical and medical treatments 
“hndreamed-of even as short a time as fifty years 
i go. These, the greatest humanitarian victories of 
ience, have been won by the zealous efforts of 
ountless investigators in many nations. 
These achievements are dramatically demon- 
trated by the following facts: Life expectancy in 
9850 was approximately forty years; in 1900, it 
as forty-nine years ; and in 1945, sixty-six years. 
Whirty percent of persons who have now attained 
he age of sixty-five owe their survival to advances 
@made in medicine since they were born. The ad- 
ances made since 1900 have added five years 
Mo the life expectancy of those now forty years of 
ge. Thus, not only have millions of lives in the 

Inited States and other countries been saved 

rough reducing the number of deaths in child- 
hood, but years of life have been added to those 
Bho pass the age of forty. 

Mortality statistics of the United States Army 
rom both world wars illustrate the advances of 
iedical research during the past thirty years. The 
leath rate from disease declined from 14.1 per 

3,000 in World War I to 0.6 per thousand in 
World War II. The percentage of deaths among 
Bhe wounded decreased from 10 to 3 percent. 

> there are numerous medical problems yet to be 
Bolved, such as mental disease, alcoholism, and the 
“Megenerative diseases. But those who recall how 
Mellow fever, smallpox, cholera, plague, dipth- 
Mheria, and other contagious diseases once killed 
undreds of thousands of people, those who work 
‘ith and for the sick and suffering, those who 
€asure progress by the greatest happiness for 
he greatest number will agree, I believe, that the 
prolongation of life and the alleviation of suffering 
ave been the greatest gifts of science to man 
luring the past century. 


SOME OLD AND NEW PROBLEMS 


These achievements in the field of medical sci- 
ence have magnified some old and created some 
new problems: 

I. The Problem of Degenerative Disease and 
Old Age. 
II. The Problem of Population and Hunger. 

III. The Problem of Biological Warfare. 

It is at once obvious that these problems have im- 
portant medical, social, political, economic, and 
moral aspects. And, on the basis of the history of 
the success of the natural sciences and the relative 
failure of the social sciences, or the failure to de- 
velop a science of humankind, the medical aspect 
of these problems appears to be the least difficult. 


I. The Problem of Degenerative Disease and 
Old Age. We have reached a turning point in the 
history of medical research. The emphasis in the 
past, and properly so, was on the control of acute 
diseases, which, except for the virus diseases, have 
now largely been more or less checked. In the 
future the emphasis must be on the alleviation of 
chronic degenerative diseases. 

The importance of this problem may be illus- 
trated by the following figures. Almost 29 percent 
of the people in the United States are over forty- 
five years of age; by 1960, 33 percent will be over 
forty-five years of age. Almost 11,000,000 persons 
are now Over sixty-five years of age (7.7 percent) ; 
by 1960, 9 percent of the population will be over 
sixty-five years of age. The shift of our population 
from youth into old age will probably occur more 
rapidly than is now predictable, because the mor- 
tality from pneumonia, tuberculosis, and other 
infectious diseases is rapidly decreasing. This shift 
in age will obviously increase the number of people 
with degenerative diseases and chronic illnesses. 
Even now degenerative diseases, such as chronic 
heart disease, hardening of the arteries, chronic 
nephritis, and cancer, account for about 6 percent 
of the deaths in the United States. Thirty percent 
of the patients admitted to mental hospitals are 
sixty years of age or more, and most of these 
patients have senile psychosis because of cerebral 
arteriosclerosis. One and a half million people have 
the degenerative form of arthritis. Seventy per- 
cent of persons now disabled from all causes are 
forty-five years of age or more. 

Unless, through medical research, we discover 
a way to decrease the disabilities incident to chronic 
illness and old age, our economy and our social 
organization as we know them today will have to 
undergo many changes. One fourth of the popu- 
lation will be working to take care of the other 
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three fourths. This emphasizes the importance of 
planning productive work for the aged. When a 
person is forced to retire because he cannot keep 
up with the production line, he should not’ be 
placed on the unemployable list. Work he can do 
should be found for him. Observation of the aged 
indicates that sudden inactivity speeds aging and 
the time at which custodial care is required. 

Thus, medical research has been creating an 
obligation for future generations to care for pro- 
portionately many more old and disabled persons 
than are being cared for at present. The only way 
this obligation can be lightened by medical re- 
search is to give more attention to the cause and 
prevention of degenerative disease. 

The next important contribution to be made by 
medical research is “to prolong useful life.” Most 
informed medical scientists feel certain that this 
phase of the medical problem can be solved rea- 
sonably well given sufficient time and financial aid. 
Medical science, in which I include psychology, 
can give sound advice to the social sciences re- 
garding the solution of the economic problem of 
old age by measuring aptitudes and abilities for 
employment. 


II. The Problem of Population and Hunger. 
Today approximately 175,000 infants are born 
daily. The number has been increasing during the 
past hundred years, and the percentage of sur- 
vivals has been steadily increasing as a result of 
the application of the findings of medical research. 
In 1830, the population of the world was 800 
million; in 1900, 1.6 billion; and in 1939, 2.2 bil- 
lion. At the present rate of increase, and with 
the spread of medical science, the population of 
the world will be 4 billion by the year 2000. 

Is this a pleasant prospect? Not when we re- 
member that a surplus of food has never existed 
in the world, that to provide everyone with a diet 
of 2,600 calories a day during the next twenty-five 
years the world’s food production will have to be 
doubled. This does not seem possible when there 
are only 4 billion acres of land that can be used 
for food production by present methods, and when 
2.5 acres of farm land are required to produce an 
adequate diet for one person. This serious situation 
is made worse when we consider that practically 
nothing is being done in the present food-produc- 
ing areas of the world to prevent soil erosion and 
depletion. Soil erosion and depletion caused the 
transformation of garden spots into deserts in 
Greece, Syria, Northern Italy, Africa, Mesopo- 
tamia, and the uplands of China; today we hear 
of dust storms in the Volga Valley, in South Af- 
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rica, Australia, Argentina, and the United St,), 
the “breadbaskets” of the world; and dus; stom 
mean soil erosion and soil depletion. The folloy; 
question has recently been asked by C. L. Wal. 
(Harper’s Magazine, Feb., 1948): Shall ma 
food and population problem continue to he ; 
solved by famine, disease, malnutrition, and yy; 
caused by peoples in need of living room: 
This population problem, obviously, has }; 
and will be further magnified by the applicatioy ; 
the results of medical science. It must be sol 
by the social sciences and the humanities. Medic; 








science can provide information regarding the 


tritional requirements, and perhaps scieace ¢ 
find some nonagricultural way of producing { 
but it would seem urgent now to check soil eros 
and depletion in the still-existing agricultural are: 
of the world and to discourage population } 
creases. It seems certain that one way to decreas 
the rate of population growth is to increase liyixy 
standards; in the past an increase in living stanj. 
dards has been associated with a decline in bir 
rate, and the same will probably hold true in ts 
future, 





III. The Problem of Biological Waria 
Knowledge of the infectious diseases that ha 
made it possible to save lives and to protect th: 
production of food may soon be used to destr 
human, animal, and vegetable life. Nowadays we 
read or hear almost daily that biological know: 
edge—like chemical and physical knowledge- 
threatens civilization. I have not seen or heard ¢: 
anyone who seriously doubts it, and it would seer 
obvious that knowledge may be used for good « 
for evil purposes. The possibility of the destructin 
of man by his own inventions was known to th 








rates saw the problem and provided a solutio 
He clearly realized that the scientific and tech! 
cal philosophy of medicine represented by him ai 
his school could not survive without a sound mor 
philosophy. The moral code he formulated has bee 
a controlling influence in determining the police 
of the medical profession and the conduct of t! 
physician for twenty-two centuries. 
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SCIENCE AND TECHNOLOGY ARE NOT ENOUG! 





We have reached the point in the developme! 
of science and civilization where it is clear th 
they cannot survive without a sound moral p! 
losophy. Science and technology are not enous! 
In themselves they have no survival value unl 
used as tools for the attainment of some grt 
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truistic goal for the good of all mankind. There 
no lack of a goal toward which the energies of 
humanity may be religiously directed. The con- 
est of hunger and disease has not yet been ac- 
bmplished. Pestilence and famine still exist in 
anv parts of the world, and famine promises to 
beats in the future unless a world-wide effort 
begun now to prevent it. 
Hunger and disease are common enemies of all 
ankind. It is high time that the people of the 
orld join in an effort to improve the food-pro- 
ition potentialities of the world and to eradicate 
pestilence. Men must think first of their common 
emies in nature and unite to bring these enemies 
der control. The natural enemies of man will 
in the conflict unless men cease wasting their 
ergies and intelligence fighting among them- 
lves. 
Medicine and medical research are moving in 
e right direction through the World Medical 
ssociation and the World Health Organization. 
is the duty of these organizations to eradicate 
pestilence. All the natural sciences must rally be- 
Mind the Food and Agriculture Organization, 
hose duty it is to bring hunger everywhere under 


Finally, I want to take this opportunity to direct 

appeal to the political and military leaders of 
e nations of the world. 

The results of medical research and the efforts 
medicine have directly and indirectly saved the 
res and increased the happiness of millions of 
pople. People everywhere know that for centu- 
es medicine has worked to promote human wel- 
re. This moral obligation of medicine and its 
lied professions has been universally recognized. 
eople everywhere have faith in the fact that their 
ysicians, even under conditions of warfare, are 
orn to conserve life, and that the function of 
hedical research is to prevent and cure, and not to 
huse, disease. 

Until recently there never has been any question 
directing medical research and knowledge to- 
ard any objective other than the improvement 
d preservation of human life. But it has lately 
een proposed that bacterial warfare might be 
sed aggressively. In fact, I have seen Nazi docu- 
lents in which a committee reported that America 
buld be conquered only by afflicting the people, 
e food, animals, and plants with disease. It is 
try important to increase our knowledge regard- 
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ing methods of preventing all contagious diseases. 
It is important for all nations to energetically pro- 
mote research toward the provision of a complete 
defense against bacterial warfare. But I plead with 
those political and military leaders who would use 
bacterial warfare as an aggressive weapon to pon- 
der the ultimate effect on themselves, and on their 
own people, combatants and noncombatants alike, 
of crushing the faith that all people have in the hu- 
manitarian spirit of medicine. Woe unto the society 
that would crush and not cherish and cultivate this 
spirit among its people, medical scientists, and 
physicians. 

Those who have little faith in the effectiveness 
of such a plea may gain consolation from the fact 
that the development of a strong defense against 
bacterial warfare will render its use unlikely. The 
best way that medical research can make certain 
that its knowledge will not be used by predatory 
men against the welfare of man is to prepare a 
complete defense. Although this may not be pos- 
sible in chemical and atomic warfare, it is entirely 
feasible in the case of biological wartare. 

Past and present religious leaders, educators, 
and scientists have made pleas for unity, peace, 
and concord. Thus Pasteur in 1888 called for an 
end of war and destruction and urged adherence 
to “the law of peace, work and health whose only 
aim is to deliver man from the calamities which 
beset him.” Recently Albert Einstein has stated 
that “World government can come through agree- 
ment or through the force of persuasion alone, 

It will not be enough to 
. . Unless the cause of peace 


hence at low cost. 
appeal to reason. 
based on law gathers behind it the force and zeal 
of a religion, it hardly can hope to succeed.” 

In these two statements we have the unifying 
principle that will cultivate the growth of the 
peace-producing forces and encourage understand- 
ing all over the world. The calamities of disease 
and hunger stir the emotions of all people. The 
energies and emotions that governments marshal 
to win a war against a human enemy should be as 
readily marshaled against hunger and disease. The 
creation of harmony between man and his enemies 
in nature—disease and hunger—will go far toward 
creating harmony between man and man. The ef- 
forts of medical research, the natural sciences, the 
social sciences, and the humanities—of all who are 
interested in the spiritual and material welfare of 
man—will be required for the success of this 
Operation for Humanity. 





AN IMMIGRANT CONQUERS A CONTINENT: 
THE STORY OF THE WILD GARLIC 


HUGO ILTIS 


Dr. Iltis (Ph.D., Prague, 1905) has been director of the Gregor Mendel Museum at 

Mary Washington College of the University of Virginia, Fredericksburg, for the past 

ten years. In May 1943 Tue ScientIFIC MONTHLY published his article on “Gregor 
Mendel and his Work,” which has since been widely reprinted. 


NE of the first botanical observations | 

made after emigrating from my native 

Czechoslovakia to Virginia was the com- 
mon occurrence, even prevalence, of European 
weeds along roads and near human habitations. 
Whereas in Europe only a few American weeds 
have become full-fledged naturalized citizens— 
such as Erigeron canadense in waste places, 
Erechtites hieracifolia in clearings, the South 
American Galinsoga parviflora in gardens, Elodea 
canadensis in pools and rivers, etc.—in America 
scores of different species of European roadside 
flowers and field weeds almost displace the native 
ones in some regions. The explanation seems to be 
simple enough: the European settlers brought to 
America not only the seeds of most cereals, but also 
those of different weeds ; whereas only a few culti- 
vated plants were taken from America to Europe, 
and the seeds of those few (corn, tobacco, tomatoes, 
etc.) were not too likely to be contaminated with 
many weed seeds. 

The strangest encounter, however, was my meet- 
ing with one of the most troublesome American 
weeds, Allium vineale L., the wild garlic, or the 
wild onion, as it is called in other localities. I 
remembered immediately that years ago I had had 
to walk several miles from my native Briinn just 
to get a few specimens of this plant for our her- 
barium. How had the plant which was of scattered 
or rare occurrence in Europe become a common 
weed in America? I first looked in several Euro- 
pean floras to confirm my memory. Hegi, in his 
Flora of Central Europe, writes about the distribu- 
tion of A. vineale L.: “Here and there in vineyards, 
on sandy fields, sunny hills, on ridges, lawns, road- 
sides. . . .” Potonie’s Flora of North and Central 
Germany, 1910: “Scattered, mostly on sandy hills 
and fields, rare.” Wildt’s Botanical Excursions 
Book for the Surroundings of Briinn mentions 
just oné single locality where A. vineale L. is to 
be found. 

It is, however, somewhat different at the circum- 
ference of its native area. In some of the older Eng- 


lish floras, A. vineale L. is not considered to te; 
weed. J. D. Hooker, in his Student Flora of tly 
British Islands, 1884, for instance, writes: “; 
vineale L.—Crow Garlic—pastures and waste, dp 
places, from the Clyde and Aberdeen south, 1; 
frequent. . . .” But it became a troublesome \ 
in England and in southern Scandinavia in moder 
times, as is shown by recent publications of R. } 
Scott (Life History of the Wild Onion and is 
Bearing on Control. J. Min. Agric., London, 194 
51) and R. H. Scott-Richens (1947). The lit: 
map in the second paper shows an area in sout}: 
central England where A. vineale L. became a ser: 
ous weed. The earliest record Mrs. Richens cou! 
find was in Trow’s Flora of Cardiff, where it wa 
stated to be serious in the vale of Glamagan, Sout 
Wales, at the end of the eighteenth century. It s 
of little importance in that locality now. In regar’ 
to its occurrence as a weed on the European cor- 
tinent, Mrs. Richens writes in a letter to th 
author: “Sweden is the only country I know «i 
where it is taken seriously. I rather think that 
maritime habitat is its natural one and that it ha 
spread from there, becoming a serious weed wher: 
ever conditions were favorable.” For a taxonomi 
group “center of the area” refers—after Cain—t 
the center of its origin, that is, to the territon 
where the dispersal and the immigration begat 
Its determination for A. vineale would be difficu! 
at the present state of our knowledge. 

There are only small, restricted areas in its Eur 
pean home country where A. vineale L. isa trouble 
some weed, but it has become one of the most ob 
noxious weeds ever introduced into the middle At 
lantic and south-central parts of the United State 


From Europe it was brought to the United States" 


the seventeenth or the early part of the eighteett! 
century. The “Allium arvense odore gravi, capitt! 
bulbosis rubentibus,” as it is referred to in Gront 
vius’ Flora Virginica (1739, p. 32), is very prod 
ably identical with our species. We know from th 


investigations of F. J. Pipal that by the middle ¢ 


the eighteenth century it was in full possession 0 
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any farms in eastern Pennsylvania. In the first 
blume of the Transactions of the American Philo- 
phical Society, Henry Hollingsworth, of Phila- 
lpia, writes: “In April, 1754, I perceived the 
neat much colored with garlic, and at harvest 
und in many places parts of the field almost every 
nth head was garlic, which rendered the wheat 
fit for use. . . .” It is evident from his ifitro- 
ctory remarks that his experience with wild gar- 
was not uncommon. Dr. Barton, in his Com- 
ndium Florae Philadelphicae, published in 1818, 
ls wild garlic “a common and pestiferous weed 
ich has obtained such footing in pastures that 
is impossible to extirpate it.” Nuttall, in The 
nera of North American Plants (Philadelphia, 
B18), writes (p. 34) : “A. vineale L.—naturalized, 
bw a prevalent and injurious weed.” In Gray’s 
anual of Botany (1848, p. 493) A. vineale L. is 
id to be naturalized and troublesome near the 
ast. C.C, Deam, in his Flora of Indiana (p. 309), 
ites: “My specimens are all from southern In- 





Above, left: forma typicum Beck and forma capsuli- 

m Koch; right: forma crinitum Jacob showing mature 
ant as found in mid-June, aerial stalk carrying awned 
bils and central soft bulb surrounded by several hard- 
lled bulbs. 
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diana where it is one of the most pernicious of all 
weeds. A pioneer who lived in Point Township, 
Posey County, told me that when he was a boy 
(about 1860) both the garlic and wild onion were 
common in the woodland.” 

Historical research has brought to life some 
especially interesting features. It has shown that 
wild garlic, where it had gained a foothold, was as 
great a problem in the United States more than a 
century ago as it is today. But there is also no 
doubt that wild garlic is slowly taking possession 
of a constantly increasing area in the middle United 
States. The present distribution of wild garlic 
—its “artificial area” (Cain )—ranges from Massa- 
chusetts south to northern Georgia, west to Mis- 
souri and Mississippi. It is most abundant in the 
belt of territory extending from New Jersey 
through Delaware, the Virginias, North Carolina, 
Kentucky, Tennessee, and along the southern por- 
tions of Pennsylvania, Ohio, Indiana, and Illinois. 

Wild garlic seems to have little or no preference 
as to the character of site or soil. It is most widely 
distributed in the river valleys and creek bottoms, 
owing to the fact that the bulblets are carried and 
scattered by the water. It is also frequently found 
on higher, rolling land. It thrives in clayey as well 
as in alluvial and loamy soils. It is not characteristic 


of any particular kind of crop, but may be found 
in any of them, being most troublesome in meadows 
and pastures and in the wheat crop. 


What are the characteristics that make the wild 
onion such an efficient combatant in the struggle for 
life? A description of the plant and its means of 
reproduction will supply an answer. The mature 
plant has a 30-70-cm high flower or aerial stalk 
growing out of a bulb, which is surrounded by a 
withered leaf, forming a thin, torn membrane. The 
bulb contains at maturity one large major offset, 
called the soft-shelled bulb. It is developed near 
the center and covered by a thin, slightly buff- 
colored, glossy membrane. It is ovate in its longi- 
tudinal section and convex on its outside, with the 
concave inside clasping the base of the scape. There 
are in addition several (1-6), mostly small, sharp- 
edged minor offsets with sharp terminal points en- 
closed by hard, straw-colored, shell-like coverings ; 
these are called the hard-shelled bulbs. The aerial 
stalk coming out from the center of the bulb is in 
its lower part still partly covered by the dry re- 
mains of the 5-6 foliage leaves and carries the 
head, consisting either of flowers, of bulbils, or of 
both. The head shows at its bottom the remains of 
the 2 bracts that enclosed it before maturity. From 
the composition of the head taxonomists have 
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distinguished several varieties of forms (see B;; 
ton and Brown, Fernald, etc.). There is, first. ’ 
vineale L. forma typicum Beck, with a more or |x 
loose umbel consisting of both bulbils and flowe;, 
second, A. v. forma compactum (Thuill.), with 
compact head consisting only of bulbils of a whitis 
or greenish color; third, A. v. forma fuscescey, 
Ascherson and Graebner, with a head consisting 
bulbils of a reddish color; fourth, A. v, fore 
crinitum Jacob, bulbils forming the head tippe: 
with long, green, capillary appendages ; and, final) 
A. v. forma capsuliferum Koch, with an umbel co. 
sisting of flowers only. The flowers are pedicellz: 
pale rose or violet, the perianth segments ting 
with pink, or sometimes with green, along 
keel, this being most marked in those of the ove 
whorl. The capsule is elongate and trilocular, 
seeds black, trigetrous, two in each loculus, | 
rarely all developing. A. vineale has (after Darling 
ton and Janaki) 32 chromosomes. Since 16 is; 
chromosome number of the majority of the Alli 
species, it is apparently tetraploid. Apogamy ; 
common in A. vineale (after Hunger and othe 
authors ). 

The species A. vineale would be, after the defn. 
tion given by Camp and Gilly, a parageneon, co. 
taining aberrant but interfertile genotypes, 
formae. The different formae are possibly the resi! 
of mutations. The term “ forma” is applied since: 
should be restricted to those variant individua 
that occur intermixed with those of the speci 


The five varieties or, better, forms describe: 
above are not dependent upon the locality or th 


environment but often occur together. They @ 
occur in Virginia, the formae fuscescens and crin 
tum being most common, the formae compactu 


and typicum coming next, and the forma capsul: 


ferum being the least frequent. There are, however 
often transitions between these forms. To all a 
pearances these forms seem to be dependent ups: 
Mendelian allelic genes, and their occurrence ¢ 
the same places to be like a segregation within: 
hybrid generation. 

The wild onion has, therefore, as means of tt 
production, first, the major offsets, or soft-shell 
bulbs; second, the minor offsets, or hard-shelé: 
bulbs, both underground; third, the red aeté 
bulbils with long green appendages; fourth, t 
red bulbils without appendages; and fifth, 
whitish or greenish bulbils without appendagt 
Finally, there are the seeds resulting from sextt 
reproduction. Each of these six ways of reproti! 
tion is very effective. Together they give to tt 
wild garlic all the advantages necessary to survit 
in the struggle for life and they make it a troull 
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Varieties of the wild garlic (Allium vineale L. 
rinitum, ripe (dry); A 
Msuliferum Koch. 


Msome weed, one extremely difficult to eradicate. 
© Propagation of wild garlic by seeds takes place 
Mnostly near the southern limits of its range. There 
Mare no seeds formed on wild garlic in England 
i Scott ) or in Indiana (Pipal). In Tennessee 
(Watts) and in Virginia, seeds are abundantly 
produced. Nearly 100 percent of the seeds are vi- 
Mable. From about a hundred seeds I planted at the 
nd of August, the great majority (95) had soon 
Mformed a grayish-green terete leaf surrounded at 
Hits base by a yellowish or purple sheath. It was 
Serowing out from a small bulblet the size of a large 
Mvheat grain, which was fixed to the ground by 3-5 
Slender roots, each 1-3 inches long within two 
reeks. The sheath at the ground proved to be 
purple if the seeds had been taken from a plant with 
mpurple bulbils (forma fuscescens), but yellowish if 
Maken from a plant with whitish bulbils (forma 
Mompactum). Of course the growth of the young 
mplants was stopped during the winter and was re- 
Mumed the next spring. In the summer following 
Mhis spring (June), the bulblets had reached the 
mize of a large pea or a small hazelnut. But only one 
bulblet had developed from the plants grown from 
mceds at the end of the first year. 
f The central, or soft-shelled, bulb starts its 
s'owth early in the fall and often continues to grow 
@luring the fall and the early winter months. From 
he soft bulb usually originates the strongest plant, 
hich may again produce an aerial stalk. The terete 
ray-green leaves produced by that bulb are 8-10 
nches long before the frost begins. Growth is then 
opped and is resumed in the spring when the 
ormation of new adventive underground bulbs be- 
ins. These bulbs, the new soft bulb and several 
ard-shelled bulbs, originate within the axils of the 
eshy, scalelike leaves of the maternal soft bulb. 
puring April and May the coverings of these new 
ulbs grow tough, and they become separated from 
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: pe Left to right: 
. v. forma compactum Thuill.; A. 


A.v. forma crinitum Jacob, not ripe; A. v. forma 


v. forma typicum Beck (two forms) ; and A. v. forma cap- 


the parent bulb. Each bulb develops an increasing 
number of roots arranged in a semicircle around 
the attachment scar. 

The sharp-edged, hard-shelled, or lateral, bulbs 
do not start to germinate the same season as do the 
soft-shelled bulbs, the aerial bulbils, and the seeds. 
They sprout the next summer at the earliest. Most 
of them, however, exhibit a marked dormancy and 
do not germinate for at least two years. Tinney 
deduces from his experience that the maximum 
period dormancy of the hard-shelled bulbs is 
about six years. Thus, these hard-shelled bulbs be- 
come the means by which the wild garlic may sur- 
vive through unfavorable seasons, through drought 
and frost, and through fungus infection. 

The aerial bulbils are the most effective means 
of reproduction of the wild garlic. Almost all 
mature wild garlic plants, with the exception of 
the rarer forma ( aa ibaias which has umbels con- 
sisting of flowers only, produce heads or clusters of 
aerial bulbils. 
head, but it is not uncommon to find stalks with 
2, 3, or even 4 heads. The aerial stalk bearing the 
heads starts to elongate in early April and emerges 
in May from the sheath of the innermost foliage 
leaf as a green, terete scape. Its tip carries the 
head, which is first small and completely enclosed 


Each plant normally produces a single 


within a membranous spathe. The spathe bursts 
in June, exposing one or more heads consisting of 
bulbils or of bulbils and flowers or of flowers only. 
The bulbils need about four to six weeks to ripen. 

There are three well-distinguished kinds of 
bulbils, each kind arranged separately in different 
heads. The first form consists of whitish or yellow- 
ish bulbils with pointed greenish or purple tips, 
which are slightly bent to one side. These whitish 
heads do not at all—or very seldom—show the long 
green appendages but often contain in addition to 
the bulbils a small or large number of flowers. The 
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number of bulbils in these, as in the other forms, 
varies a great deal. There can be as few as 20 and 
as many as 150. If there are few, they are usually 
large (5-8 mm long) ; if there are many, they are 
small (3-4 mm). The bulbils look very much like 
grains of wheat or rye. Each bulbil consists of one 
cone-shaped, fleshy scale, which contains a growing 
point and which may include near its base just 
above the scar the first young root. Each bulbil is 
surrounded by a kind of coat consisting of two or 
three cell layers. The color of the bulbil depends 
on the color of the second cell layer under the epi- 
dermis of the bulbil itself. Its vacuoles are colored 
by anthocyanin in the purple bulbils; the vacuoles 
are colorless in the whitish ones. The second, more 
common, form consists of dark-purple bulbils simi- 
lar in shape to the whitish bulbils, also without 
awns. The difference between these two forms is 
clear-cut, and there are generally no transitions 
present. The two characters purple and white 
seem to behave like a pair of Mendelian charac- 
ters. The white color may depend upon a recessive 
gene inhibiting the formation of anthocyanin. The 
heads consisting of purple bulbils may also contain 
some flowers, although the formation of flowers 
occurs more commonly among the whitish bulbils. 
The third kind of heads is characterized by long 
green appendages, sometimes 2—3 inches long. The 
bulbils carrying these appendages are almost al- 
ways red or purple in color because of the antho- 
cyanin in the cell layer beneath the epidermis. The 
appendages, which are already fully developed 
within the spathe before its bursting, look very 
much like the young leaves of the wild garlic. Some 
authors mistook the appendages for the result of 
germination of the bulbils within the head (Hegi, 
Flora von Mittel Europa, II, 217, “Brutzwiebeln 
wachsen gelegentlich bereits am Stengel 
aus”). Such a head of bulbils, each one ending in 
a long, green, terete leaf, really resembles an in- 
florescence of Poa vivipara or of Juncus bufonius 
with their viviparous bulblets— “. . . the outer leaf 
shows on its tip a distinct blade thus imitating a 
bulbil already germinating’ (Kirchner-Loew- 
Schroeter). But a more exact investigation in- 
stantly shows the difference. The appendage is 
nothing but the continuation of the coat, or cover, 
of the bulbil. The coat of the bulbil is purple, thin, 
and more or less transparent, however, and the ap- 
pendages are green parenchyma rich with chloro- 
phyll. The epidermis of these appendages is char- 
acterized by the large number of stomata. The epi- 
dermis of the green aerial stalk carrying the head 
of bulbils showed an average of about 10 stomata 
in the field of view of my microscope, whereas the 
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epidermis of the appendages showed an a 
14-15 stomata. 

This fact may help us to understand the 
of these appendages. It may be similar to 1! 
tion of the awn of the grasses (Zoebel, 
of the elongated style of the fruits of Gewi (|) 
1913). It is an organ of transpiration helping, 
accelerate the metabolism and the ripening of ; 
bulbils. A preliminary experiment seems to sup; 
my hypothesis. On a waste field with several 
dreds of mature specimens of the wild onion, } 
awns of 50 heads were cut off with scissors » 
50 similarly awned heads in the neighborhood we: 
left to ripen undisturbed. The experiment 
started on June 1, and the heads were harves 
three weeks later. There was no difference in 
shape or size of the bulbils visible whether the aj; 
were cut or not. There was, however, some diffe: 
ence in regard to the tempo of ripening. Tho: 
heads with the awn still present seemed to | 
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Section through aerial bulbil with green 
(awn). The bulbil is enclosed by a coat, the continuati® 
of which forms the awn. The bulbil is formed by a fle 
scale, which encloses the growing point. A young 
formed near the scar. 
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more quickly, The awn became dry and 
he drying started at the tip of the awn and 
sed down to the bulbil. Finally, the bulbils 
rop| el off, some of them singly, some in clusters. 
he clusters were kept together by threadlike, 
‘rinkled, dry awns. The aerial bulbils, whether 


ingle or in whole clusters, could be carried by the 


ind for a short distance. But they were spread 


Mspecially by rain and floods and probably by ma- 


ure, since a percentage of the bulbils went un- 


; isested through the digestive tracts of birds and 


nzammals. 
The main function of both the awn and the col- 


ring by anthocyanin seems to be to accelerate the 
etabolism and thus to quicken ripening. This 
ims out to be an advantage to the wild garlic 
here it is a weed in wheat fields. The bulbils ripen 
t the same time as the wheat, and, since they look 
ery much like the wheat grain, they are harvested 


Sith the wheat and may be sown together. It is, 


owever, a disadvantage to the farmer since the 


Wheat by the admixture of garlic bulbils becomes 
Mearlicky,” decreases in value, and may even be- 
fome unfit for consumption. 


Almost all aerial bulbils are viable. Of a hundred 


Pbulbils planted on September 24, the great majority 
. about 90) started to germinate around October 1, 
Morming in about a week the first gray-green, terete 
Meaf coming out from a purple or whitish sheath. 


wo weeks later the second leaf was formed. At 


What time the bulbils themselves had increased in 


a 


: 


% 


ize and become about as large as pea seeds. Some 
reeks later, around the middle of November, sec- 


Mndary bulbils started to form at the base of the 
Mprimary ones. The secondary bulbils developed 
Metween, and at the base of, the scaly layers of the 
)primary one and grew during the winter (Decem- 
er) into separate plants. When the young plants 
Mere taken from the ground the following June, 
2-6 bulblets had been produced by each aerial 


bulbil. Each one had grown into a separate inde- 
pendent small plant with its own root system. Each 


mi these secondary bulblets may itself form new 
Mulblets next year. Thus the number of young 
@lants may be very much increased. 


This method of reproduction by formation of an 
creasing number of secondary and tertiary bulb- 
tts from one primary aerial bulbil is especially 
aracteristic for the very troublesome lawn vari- 
ty of the wild garlic. Everyone in Virginia, and 
robably in all southeastern states north of Georgia, 
nows the brushlike bunches of green garlic leaves, 

5 inches long, which appear everywhere on the 
Awns in early spring before the grass starts its 
towth. They disappear during the hot summer 
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months, only to reappear again in the late fall. If 
we pull out such a bunch of garlic leaves from the 
ground after a rain we will be surprised at the 
large number of bulbils at its base. There are very 
often more than a hundred: in some instances | 
counted almost two hundred. 

The lawn variety and the similar variety appear- 
ing in pastures are characterized by two distinct 
periods of growth, one in the spring and one in 
the fall. At some places, especially where the winter 
is very hard, there are also two distinct resting 
periods, one during the hot summer months (July, 
August) and one during the cold winter months 
(January, February). At other places, where the 
winter is milder, the leaves stay green all winter, 
although their growth may become retarded. 

The wild garlic in pastures, where the grass is 
cut by grazing instead of by mowing, is prevented 
from forming aerial stalks and, therefore, from 
reproducing either by seeds or by aerial bulbils. In- 
stead, the reproduction goes on scarcely less effec- 
tively underground. The rapid reproduction of wild 
garlic in the lawn is a mere nuisance impairing its 
smooth appearance. The garlic does real damage in 
pastures, however, since the milk from cows graz- 
ing there acquires a garlicky flavor. The cutting of 
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a, young plant grown from aerial bulbil, two weeks after 
planting (November) ; b, plant grown from aerial bulbil, 
six months later (June), secondary bulbils developed; c, 
small part of a bunch of young plants of the lawn variety 
taken from the ground in November. 











cleaned by running water, showing bulblets and roots. 


the grass at regular intervals—and similarly the 
regular grazing of the pastures—keeps the wild 
garlic from reaching the mature stage, but, on the 
other hand, stimulates the formation of secondary 
and tertiary bulblets. 

“There are few weeds, if any, which cause 
greater loss to the farmer within the region where 
it thrives than wild garlic,” writes Pipal in his ex- 
cellent investigation (Wild Garlic and its Eradica- 
tion. Agric. Exper. Sta. Purdue Univ. Bull, 176, 
1914). Wheat suffers the greatest injury, for the 
garlic bulbils are harvested with the wheat seeds. 

Badly infested wheat cannot usually be sold and is fed 
to the stock. In the milling of garlicky wheat the garlic 
bulblets gum the rollers and the buhrstones and interfere 
seriously with the grinding of the flour ... the garlic 
flavor is imparted to the flour as well as to the food made 
from it... . In pastures where garlic is a veritable pest 
to the dairy farmer, milk of cows fed on garlic has an un- 
pleasant flavor, also the butter made from it (Pipal). 

Many attempts have of course been made to 
find methods of eradication. The high reproductive 
capacity of the wild garlic, the high resistance 
against chemical agents of the thin cylindrical 
leaves with their waxy surface, the ability of the 
hard-shelled bulbs to stay dormant for several 
years and to endure periods of drought or cold, 
the formation of secondary bulblets by each aerial 
bulbil—all make the problem of eradication a most 
difficult one. Where the infection is slight, as in 
lawns, pulling by hand may be effective. It has been 


The lawn variety of the wild garlic. Bunch of plants, 








with soil, taken in November and, right, the sam 


recommended (Tinney) that spring crops be: 
tated over a period of six years, thus destr 
the plants in the middle of the growing season e 
year. It is also claimed that late fall plowing | 
delay the production of hard-shelled bulbs, w' 
can finally be prevented from forming by the sprix 


cultivation. This method has already met with gre: 


success (Scott, 1944). Since the reproduction 


seeds or by aerial bulbils is the most efficer 
method, any way by which the immature hea 


could be removed would be of the greatest 1 
portance. Unfortunately, no controlled large-s« 
experiments have been made in this direction un 
recently. Thus, the wild garlic will remain an 
noxious weed in the eastern and the middle Unit 
States for years to come, as it has been for mor 
than two centuries. 

There are still several unsolved problems int 
gard to the wild garlic that are worth investigatitt 
It would be interesting to find out whether the 
are cytogenetic differences corresponding to! 
morphological and anatomical characters of 
different forms. Although it is clear how, by 
excellent equipment for the struggle for life, 
wild garlic conquered the country into which’ 
came as an immigrant, it is not known why t 
same equipment did not have the same effect 1" 
old home, And, of course, the discovery of an ¢! 
cient method of eradicating the wild garlic 3! 
weed would be of great value, 
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THE BASIC CONSER 


VATION PROBLEM 


LAURA THOMPSON 


Dr. Thompson (Ph.D., California, 1933) ha 
Guam, in Hawati and Mexico, and among the 


s done field work in the Fiji Islands, on 
2 Indians of the American Southwest. She 


is currently adviser to the Policy Board, National Indian Institute, and is working on a 


book to be called “Scien 


[EWED as a whoie, the basic conservation 
problem in any community involves all of 
life, human groups and their cultures as 
1 as the fauna and flora, in the total environ- 
pital setting. Local conservation programs, if 
Hey are to be practical and economical, must not 
ore the active and potent human factor. Indeed, 
be effective, from the long-range viewpoint, con- 
vation programs should aim at fostering the 
anced organization and health of the total com- 
nity, the human population as well as the plants 
d lower animals, in relation to the natural re- 
irces. 
ISLAND COMMUNITIES 


“lt is well known that isolated natural communi- 
fies tend in time to develop a delicately balanced 
logical organization wherein, through a process 
symbiosis and accommodation, the various spe- 
s of flora and fauna attain a mutually advan- 
peous and self-regulating adjustment within the 
al environment. Ordinarily, we think of the life- 
th process mainly in terms of plant and animal 
ecies in relation to the soil, microorganisms, 
bter supply, and other natural resources. But in 
note, isolated areas, such as many island com- 
nities, where natural processes have proceeded 
centuries undisturbed, it is clear that all of life 
involved in the self-regulating adjustment. Seen 
ole, the total island population of plants, ani- 
hls, and human beings is a complex, interde- 
indent community, each factor related to the 
er and to the land base, fishing grounds, soil, 
tsh water, minerals, and other resources. 
Moreover, if we study traditional island cultures 
bm the conservation viewpoint, we find a ten- 
Incy to organize and integrate the habits of feel- 
y, thought, and behavior of the social group with 
& world of nature in a way that, in the long run, 
ters rather than destroys the web of life. Native 
servation measures are often so diffused 
oughout the culture that their total, cumulative, 
-preserving, and life-promoting functions are 
rlooked by outsiders, even anthropologists. 
vertheless, these measures are present and are 
en highly effective. 
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ce and Government.” 


In functioning South Seas cultures, for ex- 


ample, first-fruits taboos, whereby the entire crop 


of breadfruit, mangoes, or other important native 
toods is protected until it matures, prevent vital 


means of subsistence from being consumed before 
they are properly ripened. This custom not only in- 
creases the size of the total crop and provides a 
mechanism whereby a surplus may be set aside 
against time of scarcity, but it also improves the 
native diet by making available the full food value 
of the mature crop. Indigenous fishing regulations 
organize offshore and deep-sea fishing activities to 
take advantage of the weather, the seasons, and the 
habits of various edible species, as well as to pro- 
tect local fishing grounds from overfishing and 
undue disturbance. The development of the men’s 
house complex, correlated with certain taboos on 
sexual intercourse (as, ior example, during the 
nursing period aiter childbirth), functions as a 
means of birth-spacing, population control, and the 
protection of infant and maternal health. And, as 
a final illustration, the use of fresh water in func- 
tioning island cultures ordinarily does not exceed 
the annual supply. Indeed, on limestone islands, 
such as Lau in Fiji, where the natives have access 
io practically no fresh water except the rain water 
they are able to catch, a culture has developed in 
which fresh water plays a negligible part. The 
islanders drink coconut milk, boil their food in 
coconut cream or steam it in the earth oven, and 
bathe in the sea. Fresh-water problems arose when 
the missionaries introduced a new concept 
modesty requiring the wearing of lava-lavas made 
of cloth. Today, on some islands, almost all the 
available water, both fresh and brackish, has to be 
used for laundering. 

Space limitations forbid further development of 
this point, but the evidence points to the conclu- 
sion that isolated human groups, through their cul- 
tures, tend in the long run to cooperate with natu- 
ral processes and to foster rather than destroy the 
web of life. In other words, the culture process 
tends through time to complement and reinforce 
the basic nature process. 

This conclusion is of utmost significance to the 
total conservation problem and to human welfare 


of 
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in general, for it means that ecological communities 
are composed of hyman beings, as well as other 
animals and plants, within the total environmental 
setting, with human beings traditionally playing 
an active and positive part in the multidimensional 
attaining and maintaining of a balanced, healthy 
adjustment. Man, through his culture, tends to 
cooperate with nature in a mutually dependent, 
life-promoting endeavor. This means that the basic 
conservation problem is not primarily one of how 
this topsoil may be saved, or that species of bird, 
tree, or animal may be protected from extinction, 
or of which forests, watersheds, or fisheries should 
be made into reserves, or of how a unique biotic 
equation or archeological monument may be pre- 
served for posterity. Rather, the basic conserva- 
tion problem is that of using and adapting indig- 
enous attitudes, roles, and institutions, supple- 
mented where necessary by appropriate new ones, 
to the end that the resident groups of each area, 
with the advice and help of scientists and adminis- 
trators, may foster the emergence of balanced, 
healthy total communities. 

It is necessary to stress the human factor in the 
conservation problem because there is a strong 
tendency among scientists and laymen alike to 
think of conservation mainly in terms of birds and 
forests, soil, and water supplies, rather than in 
terms of a balanced relationship between local 
populations and their natural environments. Man 
is not only a major factor in the life web; he is the 
only agent whereby a conservation program for a 
local area may be actively implemented. 

There is a very real danger that a one-sided 
or limited conservation blueprint, drawn up by 
highly specialized technicians outside the area un- 
der consideration, may inflict a great hardship on 
the indigenous populations to the extent that it is 
made effective. If, for example, in order to pre- 
serve a near-extinct species of bird or a certain 
biotic arrangement, we forbid the people access to 
relatively large areas of their privately or com- 
munally owned lands (as is implicit in recommen- 
dations of the Pacific Science Board), we may be 
denying them vital resources from forests, uplands, 
streams, fisheries, or garden lands on which the 
subtle balance of their economy has long depended. 
If, furthermore, we appropriate such resources 
without valid compensation, as is often done (for 
example, with the entire output of phosphates on 
Angaur Island, the natives’ only nonrenewable 
cash asset, now being shipped to Japan), we vio- 
late every tenet of just and economic government 
administration. 

Manifestly, the only practical and economical 
approach to a coordinated, long-range conserva- 
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tion program is to enlist the interests a1 

of the local groups themselves. If there 

an effective conservation program, it is ) 
the people who will have to organize and 
out. The indigenous populations are, as ; 
much more vitally and personally concerned ; 
scientists or administrators in conserving 


values—whether they be birds, fish, trees, or ¢, 


den lands. From the practical standpoint, they », 
the ones fundamentally involved in a local ¢; 


servation program, for their welfare, their ye 


existence, depend on it. They have proved jn; 


past, and can now and in the future prove, tly: 


capacity to devise practical and effective means: 
implement such programs. 


But they need help. Modern scientific discovers 
and technologies, hand in hand with alien, exploi 


tive ideologies, purposes, and habits, have { 


large extent created the conservation problem, Th: 
destructive processes thus initiated have now pr. 
ceeded so far that they are seriously interferiy 
with the recuperative powers of nature. Unless ti 


resources of modern science are applied to | 
problem, the development or restoration of cu 


munity balances may be indefinitely delayed. | 
is too late for laissez faire. To ensure the en. 
gence of new, healthy adjustments between natu 
and man, we must foster the curative processes (/ 
nature through the methods of the social, biolog. 


cal, and physical sciences. 


MICRONESIA, A TYPICAL ISLAND CULTURE 


The problem of conservation in Micronesia, cit 
rently under discussion by the Pacific Scien 
Board of the National Research Council, is of 
most concern to all those interested in the weliar 
of such island cultures. Our Trust Territory 
composed of hundreds of small islands, each wit 
a unique web of life, which developed its obscut 


when these islands were relatively undisturbe 
During World War II and the postwar period tl 
sudden impact of the outside world seriously « 
turbed the insular ecological balances. Destruct 
faunal, floral, bacteriological, and chemical aget 
were introduced; irreplaceable topsoil was bw 
dozed off and dumped into the sea to make ro’ 
for military installations ; ground-water levels lia" 


been dangerously lowered; and coconut, mang 


and other fruit trees upon which the natives 
pended for subsistence, as well as many game bit 
and animals, have been killed. In addition, * 
sources indispensable to the native economy—s 
as garden land, fisheries, fresh-water sources, 
phosphate deposits—have been withdrawn in‘ 


nitely from native use. 
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On Guam alone, for example, almost one third 
the island acreage (which totals only about 225 
are miles), including much of the best farm 
id, has been requisitioned from native ownership 
sce 1941. Inasmuch as another third of the island 
}dalready been appropriated by the United States 
vernment, this means that today only about one 
ird of the island remains in native hands, al- 
ough land traditionally has been and still is the 
sic and most valued natural resource. 
These disturbances are the more devastating 
nce, compared with continental areas, the life 
ebs of island communities are highly vulnerable. 
h oceanic islands ecological organizations consist 
unusually small populations confined to limited 
eas, and they are delicately balanced, highly 
ndemic, easily disturbed, and susceptible to quick 
‘termination. Indeed, the loss or addition of a 
gle species may seriously jeopardize the whole 
ganization. For example, the introduction by the 
ppanese of a giant snail as a table delicacy upset 
te balance on several islands. 
Since the island life webs evolved in the absence 
large land animals, they have little or no 
sistance to the ravages of cattle, sheep, goats, and 
er. On the island of Tinian, for instance, a species 
deer brought in by the Spaniards soon ran wild, 
creased manyfold and destroyed much of the 
ptive vegetation. The introduction of cattle and 
er, which the Chamorros hunted by the brush- 
iming method, is largely responsible for the fact 
at about one third of Guam, the south-central 
pion, is heavily eroded. Most of this area is now 
t only unfit for agriculture, but also is poor 
azing range. 
This brings us to an important point. In each of 
he examples cited (and in hundreds of others that 
ight be mentioned), it is man who has been re- 
bonsible, either directly or indirectly, for the 
ange in island biotics. In remote, seabound areas 
is inescapably clear that all of life is involved in 
e ecology of the island. Hence, if we are to under- 
and the total conservation problem in Micronesia, 
man societies may not be left out of the picture 
y more than any other relevant factor, such as 
losphates or fishing, may be omitted. 
Whereas plant and animal species tend to adjust 
» the island web of life by obscure processes of 
mbiosis and accommodation, man’s role is more 
tive, Indeed, it is clear that in such situations 
an’s part has been not only active but also irre- 
bonsible and destructive. It is important to note, 
bwever, that in each case mentioned we are wit- 
tssing the aftereffects of relatively recent activi- 
ts on the part of intrusive, nonindigenous peoples. 


When we examine the evidence regarding the 
traditional role of the indigenous populations in 
island ecological processes, we get quite a different 
picture. 

Manifestly, the only practical and economical 
approach to a coordinated, long-range conservation 
program in Micronesia is the enlisting of native 
initiative and effort. The natives are not interested 
in the preservation of “living museums” or “labora 
tories for the study of evolution.” They are in- 
terested in their 
islands from the ravages and consequences of total 


rehabilitating themselves and 


war. If there is to be an effective conservation 
program, it is primarily the natives who will have 
to organize and carry it out, for on many of the 
islands all the residents are natives, the only con- 
tact with the administering authority being short 


official visits by naval administrators, often months 


apart. 

If the Pacific soard and the Island 
Government do not meet this issue, they will be 
missing a golden opportunity to lay the firm foun- 
dations for a model trusteeship administration in 
Micronesia, one that is practical and economical 
as well. On account of the vastness and remoteness 
of the region, and its historical and cultural di- 
versity, Micronesia presents one of the most diff- 
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cult problems in dependency administration in the 
world. Without sound long-range goals, native- 
oriented and native-implemented, and without the 
help of technicians experienced in the methods of 
democratic, integrative leadership, we may pour 
tens of millions of dollars into the area with little 
positive result either in terms of improved native 
welfare or of conservation of resources. But a sci- 
entifically based and coordinated conservation pro- 
gram, organized and developed by the native 
groups themselves and integrated with their own 
attitudes, mores, and institutions could, with wise, 
democratic guidance, effectively supplement the 
curative processes of nature and foster the re- 
emergence of balanced, healthy island communities. 
The administrative organization needed for this 
island trusteeship task—an organization scientifi- 
cally informed and motivated and democratically 
oriented—wili be difficult to attain under whatever 
auspices. Under the present naval government or 
any other setup dominated by the military, it 
cannot be attained. The facts suggest, therefore, 
that from the viewpoint of island health and wel- 
fare and adniinistrative efficiency, the announced 
policy of President Truman to transfer jurisdiction 
of the Pacific islands to a civilian agency under 
carefully framed organic acts urgently needs to be 
implemented. 
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Dr. Chapin (Ph.D., Columbia, 1911) has been chairman of the Department and director ger 

of the School of Social Work, University of Minnesota, since 1922. He is the author of daa 

many books, his latest being Experimental Designs in Sociological Research (1947). sis, Ol 
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N 1916 I wrote an article on this subject wh’ch actions, which is the second type distinguish::fam®® O° 
was published in THe Scientiric MontHLy above. This second type would take us too {, cial i 

of February-March 1917. It may be of inter- afield, since it concerns the phenomena of confi: ”® has 

est, after thirty years, to review briefly the de- among the means-ends scheme of special interes ene 
velopment of experimental designs applied to the groups, a resulting composition of social forces led t 
study of human relations. and the emergence of unplanned consequence he beg 
The experimental study of human relations in which plague the authors and the leaders of th wer 
the free community can hardly be reduced to lab- component but independently planned prograns ime” - 
oratory conditions of control. Hence the present Business cycles, inflation, mass movements, ec fim met! 
article will exclude all experimental studies con- are examples of this second type. Such mass ly. sed - 
ducted in an artificial or classroom situation and havior can hardly be studied experimentally un! win 
JUS : 


confine attention to six illustrative studies that we have solved some of the problems connecte! 
were made in the free community situation. This with experimental study of their simpler con 
limitation has the advantages of distinguishing ponent means-ends relations. Hence the limitaticy 
sharply, first, the fundamental principle that con- noted above. 
trolled observation relies on the matching of meas- Five methods of observation and analysis a 
urements rather than on physical manipulation; essential in studies of human relations by exper. 
and, second, the kinds of practical obstacles en- mental designs: social measurements by use ¢' 
countered in all attempts at controlled observation standardized psychometric or sociometric scales 
in the free community situation. The six studies random samples or a stratified random samp 
to be described are all published and show how control of observations by matching on social mea: 
systematic efforts were made to control variable urements; use of the null hypothesis ; and qualifie! 
factors by matching on measurements between an application of the principle of probability. 
experimental group that received some social pro- Leaders of social reform have often found the 
gram and a control group denied this program. the ends they desired to achieve by means of legs 
In the interest of clear thinking about this prob- lation are seldom fully attained, usually becaus 
lem it is helpful to distinguish, first, the trial-and- there are unexpected results which flow from th 
error “experiments” of social legislation as a unplanned combinations of other independent! 
means to achieve some desired end (public hous- planned social actions. In the free community sit 
ing as a means to improve the adjustment of low- ation of a democratic social order, it is customar 
income families) ; second, the operations of natural to protect the rights of minority groups (politica. 
social forces that produce an effect; and, third, religious, and social) in freedom of assemblag: 
the use of experimental designs as a method of freedom of speech, freedom of religious worsh' 
study of the first two, in order to determine the etc. The consequences of these democratic fret 
degree of success in the attainment of a desired doms are that many special-interest groups " 
social end, or to measure the effect of some social society set up their own means-ends schema at! 
force. Since a social reform program is a social work at cross-purposes to other minorities t 
force that operates according to some plan of ac- achieve their contradictory goals. These pheno 
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‘ por ; A ae ; . Nn earlie 
tion, our description will be confined to illustra- ena take the familiar forms of social tension e “ta 
tions of this, the first of the foregoing distinctions, group conflicts, achievement of one at the expen t upor 


rather than illustrations of the use of experimental of the frustration of the other, etc., all o/ which 

designs in the study of unplanned consequences appear to the foreign observer as evidences 0! 1 

of combinations of independently planned social ternal confusion and mislead such observers abo! 
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e existence of a deep current of agreement on 
senitiais. This web of human relations fluctuates 
thin certain limits of social elasticity, now seem- 
oly stretched to the breaking point, and then 
ntracting again to a more stable social structure. 
How can one ever untangle the separate strands 
f this complex social fabric? Although adequate 
nswers to this question await the study by ex- 
primental designs, or by other methods of anal- 
sis, of the involved chain of causes and effects 
w hidden in the unplanned consequences that 
rise out of combinations of independently planned 
ncial actions, it can be shown that a real begin- 
ing has been made at a simpler level in the study 
{ particular cause-and-effect sequences which are 
billed the means-ends schema of social reform. 
he beginning is real because it is based upon 
ncrete studies of social facts and not on arm- 
nair social philosophy; it is promising because 
e method of experimental design has now been 
sed with moderate success in tests of such prob- 
ms as direct relief versus work relief, public 
using, and juvenile delinquency ; it is objective 
ecause the method is susceptible of repetition by 
ually competent observers who use quantitative 
escriptions of human relations. 

Despite some modest development in experi- 
ental designs, my present concern is with the 
ill-unsolved problems of the method, so that the 
ficulties to be overcome may not be lost sight of 
an account of some undoubted achievements. 


There are three general patterns of experimental 
esign in the study of human relations in the free 
mmunity situation: first, a cross-sectional de- 
gn in which comparison is made for a given date 
etween an experimental group which receives a 
cial program, and a matched control group 
enied this program; second, a projected design 
which before and after measurements are made 
on an experimental group which received a 
ogram over an interval of time, and a matched 
ntrol group denied this program; and, third, 
hat may be called the ex post facto design, in 
hich a present situation is taken as an effect of 
bme assumed and previously operating causal 
bmplex of factors, and, depending upon the ade- 
lacy of accessible records, an experimental group 
da matched control group are traced back to 
earlier date when the force to be measured be- 
kn functioning upon the experimental group but 
ot upon the control group. 
Cross-sectional experimental design. Nathan 
andel used this method in a study of the Boy 
out program and the measured personal ad- 


justment of boys. It is at once evident that some 
measures of personal adjustment that are reliable 
and valid will be required, and also some measures 
of other factors to be controlled, in order that the 
real association between the Scout program (the 
means, or causal variable) and the personal ad- 
justment (the end, or effect variable) may be 
described. The three measures of adjustment used 
were the Bell Adjustment Inventory, Rundquist 
and Sletto’s Morale and General Adjustment 
scales (all measures of how the individual feels), 
and the Chapin Social Participation Scale (a meas- 
ure of overt activity in organized groups). 

Choosing every tenth case in the file of 2,050 
Boy Scouts in the 1934 “drop-out” file of the 
Minneapolis area yielded a total of 205 boys. Only 
102 of these were found and interviewed in 1938. 
Since 103 had moved away, could not be located, 
would not cooperate, or were deceased, the resid- 
ual sample ceased to be random. The remaining 
102 cases were divided into two groups, an ex- 
perimental group whose training had lasted 4 
years on the average, and a control group with an 
average tenure of 1.3 years. When these were 
matched on four available traits in the record 
(birthplace, urban or rural, father’s occupation, 
health rating, and school age-grade ratio), there 
was a further shrinkage of 22 cases, so that the 
final totals were 40 in each group. 

It was found that the 4-year Scouts were slightly 
better adjusted on both the Bell and the Rund- 
quist-Sletto scales than the control group of drop- 
outs. Interpretation of these results as indicative 
of mere conformity and conventionality rather 
than of somewhat better integration of personality 
would then have to explain why it was that the 
drop-outs showed higher scores on the Chapin 
Social Participation Scale than did the 4-year 
Scouts, since a higher social participation score is 
evidence against the rejection from membership 
of the drop-outs by the organized groups in which 
they were active. All in all, this study was some- 
what inconclusive, since the advantage evidenced 
by higher adjustment scores of the 4-year Scouts 
was too slight to provide local proof of the hy- 
pothesis upon which the Scout program is based; 
but the results were at least consistent with the 
expectations implicit in the Boy Scout program. 

During the great depression of the 1930s it 
became evident that material relief alone was a 
mere stop-gap, and that self-respecting assistance 
to the unemployed should take the form of a work- 
relief program. Hence the Works Progress Ad- 
ministration was undertaken. It was claimed that 
the WPA would develop morale and maintain it 
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inore effectively than a direct-relief program of 
material assistance. 

To test the validity of this claim an experimental 
design study was made in St. Paul, Minnesota, 
in 1939, A total of 465 cases were on direct relief 
in March of that year, and 8,074 persons were 
on WPA. A 5 percent random sample of these 
WPA cases, or 412 persons, was taken as an ex- 
perimental group to be compared with the 465 
relief clients. To make these groups sufficiently 
homogeneous for valid comparison, seven condi- 
tions were set: living in St. Paul; working in 
Ramsey County; not previously on WPA; and 
not single, widowed, separated, or divorced. Meet- 
ing these conditions reduced the WPA experi- 
mental group to 324 cases, and the control group 
of relief clients to 198. These 522 cases were in- 
terviewed in April-May and the total still further 
reduced by 320 cases because of refusals, could 
not be located, had moved away, deceased, sick- 
ness, gainfully employed, changed status, etc. As 
a result there remained 130 cases in the experi- 
mental group of WPA and only 72 direct-relief 
clients. These two groups were then matched on 
seven factors: age, sex, race, nativity, years of 
formal education, usual occupation, and size of 
family. Had this matching on traits not been done 
the obtained variations in measured morale and 
adjustment might have been due to one or more of 
these factors, rather than associated with being 
on WPA or on direct relief, the association we 
set out to measure. Again, both groups lost cases 
because unable to match, so that the terniinal 
groups consisted of an experimental group of 80 
WPA matched on seven factors against a control 
group of 42 on direct relief. 

During the interviews every individual was 
measured for his morale and his general adjust- 
ment score on the Rundquist-Sletto scales, and for 
social participation and social status on the Chapin 
scales. On each of these scales the WPA group 
showed better average measures of adjustment 
than did the relief group. Differences between 
these average group scores were, however, not 
statistically significant, so that chance could ac- 
count for the differences. But the differences were 
in the expected direction, and a measure of all 
four in combination as a pattern of response to 
differential treatment by the two contrasting pro- 
grams showed that these differences in pattern 
could occur by chance somewhere between 1 in 10 
and 1 in 50. Again, our experimental design study 
failed to yield positive proof of a hypothesis of high 
association, although it did yield results not con- 
trary to this hypothesis. 
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To summarize the most significant 
from these two examples of cross-sectional , 


perimental design, it may be noted: 
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wife 





1. That no test of cause and effect or of concomitant yz: 
















ation is possible by this method; the only evidenc ces W 
tained is that of an association at a given date betypsm — 
two factors (different programs of assistance on the on. we % 
hand, and measured adjustment on the other), but 4, fare 
association was in the expected direction, if it is assyns PCaust 
that WPA is superior to direct relief in attaining pe. filmrmina 
adjustment. 450: 
2. The enormous losses of cases owing to selective coy pe 
tions in the natural community, plus losses from matth - 
ing, destroyed any randomness of the original samp'x ntrol 
and increased the magnitude of the standard errors, thy fore t 
reducing the statistical significance of any differen; mobi 
obtained. were 
3. Since the residual groups departed from randomness » | 
generalization can be made from such studies t a 4 a 
nency 





larger universe or universes from which the groups wer 








taken, although it remains true that conclusions for {:gNDNS, 4 

limited groups studied do have a valid basis in fact, ntrol 

Projected experimental design. Unless soc - 

: achie 
cause and effect can be subsumed in the are a 

nilies 





human relations, there is little hope of a ratio: 

















explanation of the vexing problems of the soc wees 
order. We have just shown that the cross-sectio: rr 
experimental design, because it is limited t ie : 
controlled comparison of two groups at a givecfmme ( 
time, fails to disclose cause-and-effect relation fame 
although it may be suggestive of hypotheses if 
study by more elaborate methods. Does the pi ae 
jected experimental design offer a more hopei wes 
promise of discovery of social cause and effec Pe 
Two published studies will now be analyzed * nia’ 
an effort to answer this question. mily t 





The first study was an attempt to measure {! 
effects of a public low-cost housing project upo' 
the social adjustment of slum families in Minne 
apolis from 1939 to 1940. One year is admitted 
too short an interval for any real test, but practic: 
considerations set this time limit, and so we at 
obliged to make the best of it. 

This study began in the spring of 1939 whe: 
108 former slum families having low incomes 
taken up residence in Sumner Field Homes, ‘ 
PWA housing project planned in 1935. The cot 
trol group consisted of 131 other families resid 
in the same slum dwelling during the period. 4 
though these 131 families were initially so mu¢ 
like those eligible and admitted to residence int 
project as to be borderline or deferred cases W! 
might be admitted later, an attempt was madet 
make the experimental group of residents and the 
control group of slum dwellers still more alike 
matching on ten control factors: race or cultum 
class of husband, of wife; occupational class © 
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{ wife; employment status of husband, 
wife; number of persons in the family ; income 
the family; and years of formal education of 
fe, As in the studies previously reported, many 
ses were lost by inability to match. In all, 59 
ses dropped out for this reason—47 from the 
perimental group and 12 from the control group. 
scause Of the lapse of time between initial and 
minal measurements, various events intruded 
d 50 more cases dropped out for these reasons— 
irom the experimental group, and 38 from the 
ntrol group. Forty-eight more cases were lost 
fore the initial interviews were completed, owing 
mobility, refusals, and other reasons, of which 
were from the experimental group and 43 from 
e control. Thus the final matched groups (fre- 
nency distributions equated) consisted of 82 per- 
ns, 44 in the experimental group and 38 in the 
ntrol group. 

This test of low-rent public housing as a means 
achieve the end of improved adjustment of slum 
nilies, or as a measure of a program of social 
form as a cause, to produce improved adjust- 
ent as the effect, as the case may be regarded, 
lied upon changes in measured social adjustment 
fore (1939) and after (1940) the program had 
berated for one year, as evidence of proof. The 
easures Of social adjustment used were the same 
those applied in the W PA-relief study described 
bove. Since no changes in measured morale or in 
ineral adjustment were found statistically signifi- 
nt in a comparison of average scores of each 
oup before and after, and also because each 
mily had resided in the same dwelling unit for 
e period, there were in fact thus added three 
iditional controls to the ten noted above, making 
all, control on thirteen factors. 

When, however, attention was directed to the 
anges that occurred in social activities (social 
ticipation scores), in the percentage use- 














































Sowded, and in the condition of the living room 







each home (measured by the Chapin social 
atus scale), it was found that a pattern of re- 
bonse consisting of these three factors in combi- 
tion showed a difference between change in the 
perimental group and change in the control 
oup that was of high statistical significance. 
hereas the pattern of change on these three fac- 
ts in the control group was not statistically sig- 
ficant (multiple critical ratio, 1.82), the corre- 
bonding change for the experimental group was 
ghly significant (multiple critical ratio, 6.01) ; 
hd the difference between the changes of the two 
oups on this measure was also highly significant 
ultiple critical ratio, 4.97). Such high critical 
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ratios as these are so unlikely to occur in chance 
that a cause-and-effect relation may be inferred. 
In a certain sense this is a gratuitous conclusion 
because the public-housing program was intended 
to interfere with chance and to create for the proj- 
ect residents improved housing, so that it might 
be more surprising if it did not effect improved 
adjustment. This desired effect cannot be estab- 
lished by mere wishful thinking, however, but only 
by the evidence of measurements on scales that had 
been standardized to measure adjustment prior to 
the existence of the change they were used to test. 
Furthermore, although science often merely con 
firms the results of practices based on experience, 
it is by no means certain that a scientific test will 
not disprove the effectiveness of popular practices ; 
hence the justification for the present study. 

The real question that faces us in making infer- 
ences from the facts obtained by this experimental 
design is: Did housing per se cause these changes 
in pattern of response? Only a positive answer to 
this question, phrased in terms of a low probability 
of chance as an explanation, would prove the effec- 
tiveness of the public-housing program in this ex 
ample, and then only if all unknown factors had 
been controlled. Although thirteen factors were 
controlled in rough degree, the remaining known 
but unmeasured factors (health, for example), and 
an undetermined number of unknown factors, were 
not controlled. Thus the results of this test by ex- 
perimental design offer no final conclusion. Fur- 
thermore, since the groups compared were non- 
random samples, no reliance upon probability tests 
is permissible as a basis of generalization to any 
larger universe of similar “experiments” by public- 
housing authorities. 

Where does this leave us? On the negative side 
we may offer the opinion that the results are suff- 
ciently suggestive to urge repetition of this type of 
study on similar cases using like methods of re- 
search in the hope that replication will yield cor- 
roboration of the results. For only by replication 
in numerous similar studies may we escape from 
the dilemma of whether the obtained significant 
differences were due to the nonrandomness of the 
samples, or to the fact that they were drawn from 
different universes (i.e., universes that were made 
different by virtue of the public-housing program, 
the objective that was to be tested by the experi- 
mental design). Should the same results be found 
on many trials, then generalization from even non- 
random samples to a universe might be valid and 
justified. On the positive side we may say that the 
differences found were of an absolute magnitude 
which would be regarded as highly significant if 
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they were found between two random samples. of the two groups is not statistically significant. This py 
Of the five principles enumerated as essential to hypothesis is also proved false by the factual evidence 
study by experimental designs, three have been It is evident that it is a much simpler tas. 
illustrated : social measurements by use of psycho- prove that differences do exist, that these dif. 
metric or sociometric scales; control by matching ences are statistically significant, and that the ¢y 
on measurements rather than by physical manipu- ference in changes is statistically significant as «. 
lation (the conventional and mistaken idea about partures from zero than it is to prove that ty 
control of variable factors) ; and qualified applica- | changes are in the nature of improvement ; and th, iple, 
tion of the principle of probability. But the housing is particularly the case in studies of problems i swe 
study illustrates also the advantages to the research human relations, wherein bias is hard to avoid afi 4 also 
student that follow from the use of a null hypoth- the subject matter of study is emotionally disty:) 
esis in sociological research wherein the purpose ing to the observer because it involves his person; anges 
is to test the results of a social reform program. value systems. weil 
The conventional working hypothesis is a posi- A second study using the projected experimen/fii tal { 
tive assertion : ‘Public housing improves the social design to test the effectiveness of a social progriy bt oper 
adjustment of individuals and families living in a of differential treatment is that reported by Han fi. treat 
slum.” There are at least two difficulties to be Shulman in New York City. This isa study of tal, of b 
overcome in efforts to test such a hypothesis: first, effects of treatment to prevent juvenile delinquen fii 4 itho 
the statement uses the normative term “improves,” by a controlled-activity program. The progricfiiiintal « 
which implies the question “What is improve- Consisted of workshop and game-room activitigMnce ti 
ment?” Whose standards of what is improvement lasses in creative art, woodwork, leather, aifiMcial 
are to be taken? Shall we rely-on the judgment of metalworking, which met three Sessions a wet 
the housing manager, or on the opinions of those Fr two hours a session over a period ot three sue 
who promoted the project, or on the critics of all cessive school semesters. Groups of 50 problefilver w 
public housing? Obviously, any such definitions boys and 80 normals were mingled naturally ofiMMfoain, 1 
are open to subjective considerations which stem these activities. The problem boys included chron dicts 
from different desires. This problem is simplified t™U@nts, incorrigibles, serious personality probly av 
when standardized sociometric scales are used, @S€S, and some charged with arson and theft. TiMBnerali: 
since there was incorporated into the initial con- "mals were nonproblem cases obtained by sera erp 
struction and testing of such scales elements of selection from class-roll books of children who ars st 
objectivity not present in individual opinions. "&V*T dropped below a B grade on their stuieHBiid me 
Moreover, the norms of such scales were. dis- The experimental group to recerwe the promis 
covered in previous studies, so that the application consisted of 65 boys, including 25 of the probleafii past 
of these scales in any present study is not affected [4S¢S and 40 normals. The Gomitrol: group mental 
by any desire to vindicate or to disprove the pro- similarly constituted but denied the program. Wb rify ¢ 
gram being investigated. A second difficulty is the beginning there were 310 boys, 155 in CCR A stu 
more serious ; it consists in the fact that “improve- 8TOUP: wane were ton sand eave “a eer: AO 
ment” is an open-ended concept. How much “syne pears of age Sixt se nae oo - cern 
change in the desired direction is improvement? “70” nee — oa army eemetans jpothes 
When the positive hypothesis is replaced by a null end OF ew York City: , — » high- 
hypothesis, this difficulty is avoided. he measure of community adjustment ws tter th 
Three null hypotheses susceptible of proof or yg ot 1S mph 66 Baker-T . ~ sume 
disproof by facts may be set up as follows: et ane pees 
the results for the problem boys of the expe" ical ¢- 
1. When measures of adjustment are made upon an Mental group with the problem boys of the cont tale 
experimental group which receives a social program and showed that 72 percent of the problem boys in i. the 
an experimental group denied this program during an experimental group which received the progtiho efi 


interval, and the two groups are matched on a number of: | Org 
; , am bois a 
factors, there are no changes in measured adjustment improved, and only 33 percent of the problem & bained 


during the interval. Since the facts obtained in the housing in the control group gained. Meanwhile 28 perce aduate 

study show the existence of changes, this null hypothesis of the former had lost, and 66 percent of the latte ools 

is proved false. In tests before and after in the classroom situati opped 
2. If changes in measured adjustment are found in these al] differences among the mild-to-medium condi of 4 

groups, the changes are not statistically significant. Again dienitien Cc batietivatt temicant @ 

this null hypothesis is proved false by the results found. iron reese cgg a imines cose deo 8 ee © gre 
3. Although changes may be found, and these changes SCOTES of the Haggerty-Wickman-Olson behav Oup ar 


are statistically significant, the difference between changes rating scale for the two problem children grou Mes cure 


nce tl 
m di 
pring | 
de of 
pme, 1 
bmic 1 
1enc} 


alysis 


nds b 
c gen 


, US 


ruary 1949, Volume LXVIII 

nce these favorable results might have accrued 
m differential changes in home environment 
pring the experimental period, a case study was 
bde of factors of family disorganization (broken 
me, marital disharmony, public assistance, eco- 
mic maladjustment, children’s illness, mental de- 
iency and disease, unethical or antisocial ex- 
ple, etc.), of defective social relationships 
between parents, parent-child, and community), 
dalso of improper discipline. The results of this 
alysis showed no appreciable differences in 
anges for the problem children of the two con- 
asting groups. Thus the intrusion of environ- 
ental factors of the surrounding community had 
bt operated to confuse the relationship between 

treatment program as a cause and the diminu- 
bn of behavior problems as an effect. 

Although the two studies in projected experi- 
ntal design just described illustrate some ad- 
nce toward the scientific goal of discovery of 
jal cause-and-effect relationships, each study 
ands by itself as a closed system, and no scien- 
c generalization may be made from either to the 
rger universe of housing or juvenile delinquency. 
gain, repetition by similar studies on like sub- 
ts, using the same methods of research, is the 
ily avenue of approach to a reliable basis of 
neralization. 

Ex post facto experimental design. For many 
ars students of human relations have sought a 
lid method to discover cause-and-effect relations 
hich it is believed may be hidden in the records 
past social events. The ex post facto experi- 
ental design was developed as one attempt to 
prify this methodological problem. 

A study that illustrates the use of this ex post 
to method was made by Helen Christiansen 
her my direction in 1935-38. The positive 
pothesis to be tested was the longer the period 
high-school education before leaving school, the 
tter the subsequent economic adjustment in the 
mmunity. Here the formal high-school course of 
truction is taken as the program variable, or the 
usal factor, and measured economic adjustment 
taken as the effect variable. To test this hypoth- 
is the records of 2,127 high-school students 
0 leit school nine years earlier (1926) were 
tained and analyzed. In that year 1,130 had 
aduated from the 4-year course in all high 
ools of St. Paul, Minnesota, and 997 had 
opped out of school, having been in 1926 at the 
d of their first, second, or third year of study. 
€ graduates were taken as the experimental 
up and the drop-outs as the control group. The 
fasure of economic adjustment in the community 


situation chosen as the dependent variable was the 
percentage of shifts on jobs from 1926 to 1935 
which involved increase in salary, no change in 
salary, and decrease in salary. This is admittedly 
a crude measure, but the data could be obtained 
by interviews of all persons of the original 2,127 
who could still be located in 1935. 

Considering the relatively long experimental 
period of nine years, substantial losses of cases 
were to be expected. As a matter of fact, 933 in- 
dividuals were lost for analysis, 459 of the gradu- 
ates and 474 of the drop-outs, for reasons of death, 
moving away, not located, or incomplete records. 
After matching on six control factors, age, sex, 
father’s occupation, parental nativity, neighbor- 
hood of residence, and average high-school marks 
(no 1.Q. data were available in 1926), the two 
groups were reduced to 145 individuals each. 

Analysis of economic adjustment to the com- 
munity in 1935 showed a regular decline in per- 
centage with decrease in salary or no change in 
salary, with each additional year of high-school 
education for drop-outs of 1, 2, and 3 years of 
study, and a regular increase in percentage with 
salary increases. The 4-year graduates attained the 
highest percentage with salary increase for 1926— 
35 of any group, and their percentages of cases 
with decline in salary or no change were approxi- 
mately the same as those of the 3-year drop-outs. 
When the matching technique was made more pre- 
cise—that is, by identical individual matching, in- 
stead of equating frequency distributions on each 
control factor—the two groups were reduced to 
23 cases each. The trend in percentages on the 
salary criterion became even more pronounced, 
and the advantage of the graduates over the drop- 
outs was much greater. All in all, the positive 
hypothesis seems to have been established for this 
study, provided the results can be explained as not 
due to health factors uncontrolled, the factor of 
persistence in school work, the existence in the 
group of 933 lost from study of trends contrary to 
those found in the groups that were analyzed, or 
unknown factors. Again no decisive proof has been 
achieved ; only the probability of a cause-and-effect 
relation between length of school attendance and 
subsequent economic adjustment in the community. 

But this matter of probability deserves further 
exploration. To test the statistical significance of 
the percentage differences found between the ex- 
perimental and control groups, two random sam- 
ples of 23 cases each were chosen from the larger 
experimental and control groups, but the indi- 
viduals in these random samples were not matched 
(as were the individuals in the 23-case terminal 
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experimental and control groups which showed 
the largest differentials). Analysis of the random 
samples showed indicia of differences in com- 
munity adjustment occurring by chance as 1 in 14, 
as compared with 1 in 200 for the 23-case matched 
samples. Since the original 2,127 cases constituted 
the universe of all who left high school in 1926, 
and the remaining 1,194 cases composed the re- 
mainder after losses of 933 cases, both the random 
samples and the experimental groups were from a 
subuniverse, so that comparison of real random 
samples with nonrandom groups introduces in this 
experiment a more adequate basis for the use of 
probability tests than was the case in any of the 
other studies described in this article. 

In summary, it may be said that che differentials 
in favor of the graduates seem too large to be ex- 
plained as mere chance fluctuations, and of abso- 
lute magnitudes that cast some doubt upon the 
validity of the four alternative explanations, which 
would set up the claim that it was not the length 
of high-school education that caused better eco- 
nomic adjustment in the community of graduates. 
The comparison with the random samples yields 
results also consistent with the foregoing inference. 

But, again, we must caution against generaliza- 
tion to all high-school programs of all areas of the 
United States. Perhaps the place and time studied 
were unique. On the other hand, it may be pointed 
out that the 1926-35 period included the depth of 
the great depression of the 1930s, so that the hy- 
pothesis was substantiated for an interval of sharp 
testing by unemployment, and hence that our con- 
clusions have a safety factor that makes them 
conservative. 

A variation in the ex post facto design was made 
in a study of public housing and juvenile delin- 
quency in New Haven by Naomi Barer from rec- 
ords of 1944 on 317 families traced back to 1924. 
She made a self-comparison of a group of 649 
children seven to seventeen years of age in these 
families, for the period 1940-44 to the period 
1924-40, when the same families and their chil- 
dren lived elsewhere. From 1924 to 1940 the rate 
of juvenile delinquency per 100 children per year 
was 3.18; when the same subjects were residents 
of the housing project the rate had declined to 
1.64. This is a statistically significant decline. Dur- 
ing the years 1940-41 there was an increase of 9.1 
percent in total juvenile delinquency in the city of 
New Haven over that of the period 1927-40, so 
that no general decline in juvenile delinquency 
occurred in the community at large, which, if it 
had happened, might explain the decline of the 
experimental group of children in the housing 
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project. No generalization is justified from , 
study alone about housing and juvenile ¢d- 
quency at large. Only corroboration from reps 
tion of the experiment will furnish prooi of | 
pothesis that good housing operates { 
juvenile delinquency. 

Two types of critics deplore the kind of sty, 
herein described. There are the “practical” 
formers who have expressed the opinion that; 
kind of detailed analysis is superfluous since } 
mere common sense to expect to find improyemne 
following upon well-matured plans for social {« 
terment. But are desire and wishful thinking ; 
sort of support upon which to base and to jus 
expensive and elaborate social programs? T; 
there are sincere critics who express the judgn 
that the time and expense of detailed study by » 
perimental designs might better have been app 
to the investigation of problems wherein the ex» 
tation of significant results had a firmer basis 
technical and precise research methods. No xi: 
quate answer can be made to this criticism. 7 
reader will have to decide for himself whether ¢ 
ploration by these methods of experimental sti 
admittedly crude and lacking in precision, is wor! 
the time and effort put forth. In any event, | ha 
found these experimental designs interesting, x 
sometimes exciting, ventures. They are offered {y 
what they may be worth, and their limitati: 
have been stated and reiterated throughout 
article. 


Three closing comments may be made. Fis 
objective evidence has been offered to show | 
experimental designs may be applied to the mea 
urement of problems of human relations with 
expectation of a partial clarification of social cas 
and effect in society. Second, the chief obstacle: 
the experimental method in the study of proble 
of human relations is removed, since it stem 
from a false analogy between “social experiment 
that shove people around and _ laboratory ¢ 
perimentation that manipulates physical matt’ 
whereas the fundamental principle involved 1s ° 
servation of social relations under conditions oi 
trol, which conditions are attained by matching 
social measurements, and do not require inter 
ence with personal freedoms. Third, the metl’ 
of experimental design offer the promise of at 
jective procedure for evaluating the effects of 0 
types of social reform programs. Such progr 
consist of the approved means chosen to ati 
some desired or valued end. This being the 
it seems possible that further extension of ¢ 
methods described herein will lead to an exp 
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ental test of values, phenomena hitherto circum- 
cribed by desire and wishful thinking and suffused 
ith emotional attitudes. 

If the first expectation is realized, we may have 
n it the beginnings of a rational basis for the 
melioration and control of some of the problems 
{human relations. If the third is realized, we shall 
have a rational substitute for mere subjective opin- 
ns and sanctimonious or self-righteous judg- 
ments about what may be done by social action to 
® chieve collective desires. Furthermore, through 
he replication of experimental design studies, 
which attempt to measure the effectiveness of spe- 
ific means-ends schema planned to attain specific 
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goals, it may be possible to develop a systematic 
mosaic of nonrandom samples that will possess a 


degree of representativeness to compensate for 


lack of randomization, and thus to supply a basic 
representativeness upon which reliable scientific 
generalization may rest. Finally, if the foregoing 
development takes place, an approach will have 
been made to the solution of the most difficult 
methodological problem of all, to describe objec 
tively the tortuous chain of social cause and effect 
that now lies hidden in the unplanned social con- 
sequences that seem to flow from the combinations 
of innumerable and independently planned social 
actions within a democratic society. 


SONNET 


(ON THE GIANT METEOR CRATER IN ARIZONA ) 


Was it by chance it fell upon this place, 

Or was it by design some meteor sped 

Roaring, an incandescent mass from outer space, 
Coloring all the sky with fiery red? 

O miracle! O comet glowing bright, 

Touched off and cast down by some unknown hand, 
When did you fall? In what dim, awful night 

Did you descend upon this arid land? 

W hat conqueror looked up—and fell before 


Your dooming blow, O conqueror mightier still? 

Jarring the atoms of the earth’s deep core, 

Why did you come? What word did you fulfill? 
Not even when, within your tomb self-sealed, 
Man finds you, shall these riddles lie revealed. 
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SCIENCE ON THE MARCH 


PSYCHOSURGERY—NEW HELP FOR THE MENTALLY ILL aes. 
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Standard leucotomy by the Lyerly open approach. Photographs by courtesy of Dr. William Beecher 
Hartford, Connecticut. ugh n 
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‘ Lisbon, in 1935, a professor of psychiatry 
by the name of Egas Moniz, together with a 
srosurgeon, Almeida Lima, opened up a spec- 
lar new field in the treatment of mental dis- 
es, They operated on the brain of a mental 








hent. 
Brain surgery in itself was not entirely new. By 


t time brain abscesses and tumors were already 
g removed successfully, but Moniz and Lima’s 
ture was unprecedented in that they operated 
apparently healthy brain tissue in the frontal 
es, Out of their efforts have come the brain 
rations known today as prefrontal lobotomy, 
ectomy, transorbital lobotomy, lobectomy, thal- 
otomy, and so on, each aimed at alleviating vari- 
s types of mental disturbance. These operations 
ye already brought relief to a large number of 
ents who otherwise would have been doomed to 
ifetime of the hopelessness and suffering that 
ye been contained for centuries in chronic mental 
esses. 
Because apparently healthy brain tissue is sacri- 
din the process, the prefrontal lobotomy and 
ated surgical techniques have been slow of ac- 
tance in many quarters. With the accumulation 
experience and the refinement of techniques, 
wever, brain surgery (or psychosurgery, as this 
icular aspect of surgery is called) now has a 
siderable body of evidence in its favor. Last 
gust 3-7, more than 200 neurosurgeons, neu- 
ogists, and psychiatrists, representing twenty- 
en nations, gathered in Lisbon for the First 
ernational Congress on Psychosurgery, which 
s held in honor of Dr. Moniz, and was organized 
marily by Dr. Walter Freeman, American 
neer in the field. Reports were made on 5,000 
es of psychosurgery—a world-wide scrutiny of 
original operations and the techniques that 
e been evolved since then. 
The present-day surgical intervention in the 
tal lobe region is based on the prevailing con- 
t of the function of the frontal lobes, of which 
we are two, and which are very much more 
minent in man than in other species. Of all 
s of the brain, and probably of the whole body, 
frontal lobes have been the most difficult to 
terstand. The frontal lobes have resisted sci- 
ific probing, although nearly every other region 
¢ brain had its functions fairly well delineated. 
ere are the areas of the brain that govern 
ech. This we know through laboratory experi- 
nts, and because experience has shown injury 
those areas to render a person speechless, al- 
ugh no harm had come to his speech organs. 
ain areas have been shown to govern sight; 
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others, hearing, writing, vision, motor ability, and 
so on. The frontal lobe areas, long the greatest 
mystery, and studied by anatomists, neurologists, 
psychiatrists, physiologists, and psychologists, have 
now been marked, largely on an empirical basis, 
as the areas of association or integration, governing 
such high mental functions as judgment, imagi- 
nation, and initiative. 

In the beginning, Moniz theorized from the 
mounting indications that great cerebral activity 
is centered in the frontal lobes. Convinced that cer- 
tain neuropsychiatric conditions reflect a morbid 
fixation of various frontal association pathways, he 
reasoned that surgical interruption of cell con- 
nections in these areas might relieve the disturbing 
condition. Second, he reasoned that the interrup- 
tion would have to be bilateral, since in other 
dual organs of the body, the activity of one can be 
taken over by the other in the event of loss. 

As so often happens with speculations that lead 
to important practical advances in medicine, the 
original theory upon which Moniz based his ap- 
proach has not found wide confirmation. A great 
deal of progress has since been made in broaden- 
ing and increasing the knowledge of frontal lobe 
functions, but today, with more understanding, 
scientists are actually less set in their ideas of the 
frontal lobes than they were ten years ago. The 
bilateral emphasis by Moniz was in effect more 
important than his concept of function; it has been 
demonstrated that the loss of only one frontal lobe 
has no significant effect on personality perform- 
ance. 

Many observers are now inclined to ascribe the 
benefits derived from frontal lobe surgery to a re- 
duction in the emotional charge attached to abnor- 
mal ideas. They believe the success of the opera- 
tion lies in the interruption of the pathways 
between the frontal lobes and the hypothetical cen- 
ter of emotion located elsewhere in the brain, pre- 
sumably in the thalamus. With the reduction of the 
emotional energy from the thalamus, delusions and 
hallucinations tend to lose their importance, bizarre 
mannerisms and motor manifestations to recede, 
and preoccupation with physical complaints to fade 
into the background. 

Thus, although the fundamental disease process 
seems not to be directly altered by psychosurgical 
procedure, the patient is relieved of abnormal emo- 
tion attached to morbid ideas, and his attention can 
be diverted to more realistic concepts and more 
constructive activities. In the opinion of most 
authorities, some type of unpleasant and disturb- 
ing emotion in the reaction pattern of the patient 
is an important criterion for selection of patients. 
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The technique originated by Moniz, and since frontal lobes as extensively as in the “stan(,,.mmbe © 
improved by him and others, has come to be called, prefrontal lobotomy. The topectomy is also , fesira 
in this country, the prefrontal lobotomy. There is lateral procedure, but instead of the cores }, rales¢ 
still a long way to go in refining operative pro- left im situ, certain areas of the cortex in the jro,.,mepe“4 
cedures, and in improving methods of selecting lobes are actually removed. So far, the t! erapeniamprest 
patients, but the field has advanced far beyond the _ effects of topectomy are similar to those of lobot,,,.mmmptttul 
point, in the early days, when patients were chosen —that is, relief from emotional pressure, tens:,,ammBt™™! 
on the basis of what might be called negative selec- and anxiety. Further, there seems to be a ininim,qamme°®s 
tivity—the operation performed as a last resort impairment of social, moral, and intellectual ,,. Alt 
when the patient was so far gone that he had formance. Beno’ 
nothing to lose anyway. Certainly, if too much of Among other techniques being advanced, Fim is ho 
the personality has deteriorated in the course of the man is pioneering in what is called transor}i,jij[mete © 
disease process, little can be expected from psycho- lobotomy, a less drastic method that he re ly, to 
surgery ; it is not a restorative. mends for early cases of mental illness; \Vyq; ated, 

Today most observers see the best outlook for Freed, and Spiegel have developed the thalame pehav: 
prefrontal lobotomy in long-standing depressive omy, which involves partial electrical destruc; peer 
illnesses, particularly the involutional type, and of the main connecting station from the prefro:,mme™'° 
in incapacitating obsessive-compulsive neuroses. lobes; and Scoville is doing preliminary work gee" 
Also, certain schizophrenic patients, especially the selective cortical undercutting, in which cer,gme 4 
catatonic subgroup, have benefited from the opera- areas of the cortex are separated, but the cor Att 
tion. Contraindications for lobotomy are present remains in place, a technique that is based on; nd w 
when the emotional tone has become chronically perimental work in Fulton’s laboratory at Y2: ducat 
flattened (the operation would only “flatten” it Also, a group in England is undertaking to out; visa 
all the more) ; and the advisability of operation is areas for neurosurgical attack according to smi here 
also questionable in those cases where antisocial tomatology. acilith 
traits were evident in the previous personality. All this investigation is in search of techniqy nder 

The surgical technique employed varies with to reduce time of treatment and hospitalization, ; he Of 
different practitioners. Moniz adapted an instru- the same time achieving maximum relief {tod he pa 
ment called the leucotome (whence his use of the mental suffering, with minimum social and ye: —_ 
word “leucotomy” for the operation) with which — sonality disturbance. 4 this 
cores could be cut in the white matter of the brain After prefrontal lobotomy, a change in the pe sic 
and left im situ. sonality of the patient is evident, even on t 

Freeman and Watts, who first introduced the operating table itself when the operation is pr 
operation into this country, have used a blunt knife formed under local anesthesia. The voice shows: 
to section the white matter at the posterior end of change in emphasis and inflection, and the patie 
the prefrontal lobes, making their incision through appears oblivious of the emotional trouble 
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Following the original lobotomy, a number of when the behavioral display is superficial and 
new techniques have been developed in the effort proper habits are not yet ingrained, it is essett! 
to learn more about what is actually cut in the to bring into play the right kind of influences 11} 
brain, and to control more precisely the site of the favorable interpersonal and material environmtt! 
incisions and the amount of tissue sacrificed, the Prompt rechannelization of the haphazard reduc 
latter logically being the minimum necessary to emotional energy at the disposal of the persona!" 
produce the desired clinical result. after the operation determines to a great degt 

After the original “closed” technique of lobot- the eventual social adjustment of the patient. 
omy was introduced, Lyerly, an American, de- it is that psychosurgery cannot stand alone; 
veloped the “open” technique, in which the skull must be applied in close correlation with 0 
is opened by turning down a bone flap. Many of psychiatric treatments, including, especially, * 
the larger clinics in this country are now using educational therapy. 
the open technique. Postoperative patients may present a spt 

The topectomy was originated by Pool, who felt problem. Because their new personality com! 
that to obtain beneficial results in psychotic pa- nents are carelessly assembled during the pet 
tients, it might not be necessary to disconnect the immediately following operation, they should ™ 
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ebrual! 


e exposed to old psychotic patterns, nor is it 


Hesirable that they mingle immediately with con- 
-alescent patients. They should be assigned to 
pecial postoperative groups, and participate in a 
prograin of activities shaped by life outside the in- 
titution and especially designed to provide the 


timulation, encouragement, and_ re-education 
ecessary at this time. 

Although some psychiatrists recommend early 
emoval of the patient from the hospital back into 
is home environment, others, including the writer, 
sre convinced that a premature return to the fam- 
ly, to the environment in which the illness origi- 
ated, at a time when the patient presents so many 
behavioral and nursing problems, may easily com- 
promise chances for an optimal result. The well- 
ontrolled hospital environment, with especially 
rained personnel, is best suited to the task of re- 
raining. 

After a number of years of careful investigation 
nd work in psychosurgery and postoperative re- 
ducation, the Institute of Living has found it 
dvisable to construct a special psychosurgery unit 
here operating facilities, postoperative training 
acilities, and residential quarters are all housed 
nder one roof. Within seventy-two hours after 
1¢ operation, and sometimes the following day, 
he patients are up and engaged in activities. This 
bostoperative retraining program, like other work 
n this field, is still in its pioneer stages, so modi- 
cations and refinements must be constantly en- 
isaged, Current results are nevertheless highly 
ncouraging. 

Broadly speaking, the program embodies ade- 
uate encouragement and personal attention, 
timulation and motivation, and consistent social 
bressure. The postlobotomy patient, even more 
rgently and conspicuously than any other psychi- 
tric patient, needs a consistently active routine 
roughout the day, and it is of paramount im- 
ortance that the re-educational program for this 
roup be geared at all times to the characteristics 
nd capacities of the patient, with provision for 
radual expansion from relatively simple indi- 
idual activities to increasingly complex projects 

d group activities. 

The post-lobotomy patient tends to think in con- 
rete terms, Most studies indicate that intelligence 
§ not measurably impaired by the operation; the 
iffculty lies more in a reduced capacity for pro- 
bnged attention, a lack of initiative, and inferior 
lanning ability, all of which have been rapidly im- 
roved with proper training. 

In the early postoperative stages, the patient is 
xtremely suggestible and susceptible to immedi- 
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ate external stimuli, but his span of attention is 
short. He must be reminded to continue the task 
which confronts him, even where meals are con- 
cerned. His foresight and his conception of time 
suffer, and he may idle away the day if permitted 
to do so. Once he gets busy, though, he may do 
very well at a variety of more or less complicated 
tasks. To accomplish this, most patients need prod- 
ding and will take it in their stride. Guidance must 
be firm and consistent. The patient must be kept 
occupied in constructive individual activities or in 
group situations favorable to the development of 
initiative and socialization. 

The re-educational program extends throughout 
the day, with individual and group activities varie- 
gated and flexible. Great emphasis on grooming is 
important in the early postoperative period: the 
men have regular barber appointments, and weekly 
appointments are made for the women with a 
beautician for hair-styling and instruction in the 
art of facial make-up. 

With improvement in individual performance, 
the patient is encouraged to participate in group 
activities and to assume responsibility for such 
participation. For women there are special classes 
in home economics and in other activities germane 


Oronal suture 











Operative approach for new topectomy operation (Corti- 
cal Ablation of Superior Convexity of Prefrontal Lobes). 
Drawings by courtesy of Dr. J. Lawrence Pool, New York. 
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to their domestic pursuits. Men have special ac- 
tivities in the field of physical education and sports. 
A coed social hour is provided daily in the form 
of informal dancing and games, and coed classes 
are given in calisthenics, rhythm games, and group 
singing. Each patient frequently has a two-hour 
motor ride to get him in touch with the community, 
and to vitiate any institutionalized pattern that may 
have eventuated from his past hospitalization. 

In favorable weather, picnics are arranged for 
those patients who will benefit from them. By ap- 
pointment, patients may purchase articles in the 
campus shop, where they calculate prices and count 
out their money for the transaction. Their interest 
in reading is encouraged at the campus library, 
where current periodicals and best sellers, fiction 
and nonfiction, are featured. Classes in vocational 
subjects, avocational pursuits, and physical educa- 
tion stimulate interest in personal performance. 

Activities, as cross-sectioned above, complement 
the psychotherapeutic work carried on by the psy- 
chiatrist with the individual patient, and thus are 
directed primarily toward the goals emphasized by 
the Institute for all patients in the re-educational 
phase of its psychiatric program—goals of voca- 
tional orientation, avocational outlets, satisfactory 
social and recreational relationships, and good 
physical educational habits. 

Within the psychosurgery unit, groups are set 
up on the basis of general behavior and ability to 
cooperate with others, and the individual patients 
are promoted as they reach a higher level of 
achievement. The next step for the patient is to 
take his place in the regular convalescent group in 
the hospital. Finally, with the abatement of symp- 
toms of the original illness, the control of the psy- 
chosurgical phenomena, and the achievement of a 
sense of responsibility consistent with everyday 
life outside the hospital, arrangements are made 
with the family for taking the patient home and 
getting him to work immediately in a job suitable 
to his resources. 

The training period may be as short as three 
months ; for those who have been seriously ill be- 
fore the operation, it may be nine or twelve 
months. During that time, behavioral improve- 
ment usually accrues in consistent fashion, though 
in some cases considerable fluctuations occur for 
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an extended period. Some patients make significa), 
progress for a year, and others continue to j nprove 
for several years. 

In the tabulation of results from psychosurgery 
it is seen that of a group of patients who had bee, 
previously regarded as hopeless and destined ; 
spend their lives in a mental hospital, between 3. 
50 percent have been re-established outside th 
hospital on a self-sustaining basis ; a percentage ¢ 
the remainder have been established outside the 
hospital on a semi-independent basis ; and, with; 
few exceptions, the rest have been materially jn. 
proved over what would have been their destin 
without the operation. It is evident that in skille 
hands, the danger to life and of aggravating cop. 
ditions is negligible. 

As with all new treatments that prove at all suc. 
cessful, psychosurgery brings with it the dange 
of overenthusiasm for its effectiveness. Unsettling 
to unsophisticated doctors and laymen uninitiated 
in the field.are the near miracles, in which psycto- 
surgery has helped to relieve patients who have 
been desperately ill for long periods of time an: 
who have not benefited materially from other forns 
of treatment; but the pioneers in the field, wh 
hope perhaps the most conscientiously for it 
bright future, are the ones first to advocate the pri. 
dent viewpoint toward this powerful tool that ha 
been placed in the hands of the profess:9n. Occupy: 
ing a somewhat spectacular place in psychiatr 
psychosurgery is now advancing through increa- 
ingly precise criteria of selectivity, more refined 
operative procedures, and improving techniques 
of retraining and rehabilitation, all of which hav: 
seen progress in the past year. 

These problems are receiving the attention 0 
some of the most astute, most brilliant scientists 1 
the world. In 1935 Dr. Egas Moniz cast a ray 0! 
light that is today brightening the hopes of tit 
mentally ill, who are still the greatest public-healt! 
problem facing the country. Through the studie 
development and careful application of psychosu- 
gery in conjunction with psychotherapy, tomorr' 
promises to dawn on an ever-brighter future in tht 
treatment of mental diseases. 

C. CHarLes Burtincame, MI 
The Institute of Living 
Hartford, Connecticut 
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THE GIFT OF TONGUES 


The Miraculous Birth of Language. Richard A. Wil- 
son. 256 pp. $3.75. Philosophical Library. New 
York. 

T)EFORE being certified as educated or eligible 
|) for the franchise or for any scientific, religious, 

egal, or civil employment,” says Bernard Shaw in 
is preface to The Miraculous Birth of Language, “I 
should like everyone to be examined in this book.” 
Such an ardent endorsement is perhaps prompted 
particularly by Professor Wilson’s Foreword, empha- 
izing an anti-Darwinian organic hypothesis which 
assumes that purposive mind is a basic and permanent 
element in the world and thereby expostulating what 
ve already know to be a pet viewpoint of Shaw’s. 
Actually this organic hypothesis, which Wilson 
nds more synthesizing than others, has little to do 
vith his treatment of language. It would therefore be 
nfortunate if his acceptance of such a view prejudiced 
onsideration of his other ideas, ideas set forth by him- 
self as follows: 


I have treated language as one step or cycle in the gen- 


ral evolution of the world: the emergence of conscious 


mind in the world and the new problem that emerged with 

: the birth of language in answer to this problem; the 
materials from which language was made; the metamor- 
bhoses it underwent in reaching its final form; its struc- 
re in relation to space and time; and its unique character 
mong other phenomena of the world. 


Professor Wilson approaches his objective by a 
wofold method. First, he critically evaluates various 

eories concerning the origin of language, beginning 
ith the Hebrew and continuing through those of 

erder, Kant and Darwin, giving a rather detailed 
ummary of the last and presenting arguments for its 
inadequacy. Second, he offers his own view emphasiz- 
ng the emergence of consciousness in human beings 
yhich freed man intellectually, via the process of lan- 

age, from space and time and set him apart from 
ther animals. 

An animal below man—the dog, for example—has 
0 sense of time prior to his own birth or subsequent 
0 his own death; therefore, he has no consciousness 
Mf any other dog’s life at any other time. The same 
pplies to space, which for the dog consists merely of 
ocal space. Man, on the other hand, has no difficulty 
isualizing limitless stretches of space and time beyond 
ne range of his senses. This ability is due to the 
ifference between the mind of man and that of other 
nimals, a difference reflected in man’s speech—in 


Wect, creating speech. As Wilson puts it, 


If the animal does not conventionalize sound so as to 
fferentiate one sound explicitly from another, and to 
ultiply their number as man has done, it would seem to 
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follow that he does not in his mind differentiate one object 
from another in space, or one event from another in time. 
Man’s power of explicit mental differentiation was what 
brought human language into existence. 

Ability to differentiate prompted man to fashion a 
tool permitting the mental representation of the 
things differentiated. Thus, through the definite shap- 
ing of natural sounds, the conventionalization of their 
meaning, and their multiplication as needed, man has 
elaborated a language structure by means of which 
he can translate the “actualized space-time world of 
nature into the new-born space-time world of mind.” 

The analysis of this process for both oral and writ- 
ten language provides not only stimulating reading 
but also a better understanding of the tool used by so 
many and understood by so few. For the scientist, 
especially, it is well to consider that language—written 
language—is less susceptible to the never-ceasing de- 
trition of time than any other product he may fashion. 
Science, as the refined and accumulating awareness of 
the universe, must have written language as a bulwark 
against the evanescence of time. 

GEORGE F, J. LEHNER 





Department of Psychology 
University of California 
Los Angeles 


OUR IMPERILED RESOURCES 


Road to Survival. William Vogt. xvi+ 355 pp. $4.00. 
Sloane Associates. New York. 


EARNING on almost every front has been a 
war as much against the unknowns as against 
the trees obstructing our view of the forest. In medi- 
cine, we have learned and moved from the diseased 
organ, to the disease, to the patient; eventually we 
must move to the patient in his total environment. In 
education we have moved from compartmentalism, to 
the individual disciplines, to a synthesis of disciplines ; 
eventually we must weave the whole cloth of integra- 
tion. In statecraft we have moved from the city-state, 
to the nation, to the United Nations; eventually we 
must move to world government. 

In recent years we have given much lip service but 
have yet to learn the imperative in the interrelatedness 
of man and man and of man and his physical environ- 
ment. Writing readable, sound, and persuasive science, 
Vogt warns that unless we learn these facts and do 
something about them, our chance of survival is about 
as good as the chance of a procession of saints’ images 
halting the plague. 

Drawing upon the best of the technical studies and 
his own observations and experience in traveling from 
country to country, Vogt arrays incontestable evidence 
on the plunder of our all-too-limited natural resources, 
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on the mismanagement of our food production, on the 
maldistribution of populations, and on many other 
questions. The adductions and outlook are dire—un- 
less, as Vogt suggests, we—and he means all of us, 
you and me, and not only industries, farm combines, 
and governments—do something now, not next week, 
next year, or ten years hence, to restore our natural 
resources and control our rampant population growth. 

You may not agree with all of Vogt’s thesis or 
with the means of achieving his recommendations, but 
you will come away from this book impressed with 
the importance and urgency of its message. 

Joseru HirsH 

Research Council on Problems of Alcohol 
New York 


FISH STORY 


A Study of Fish. Chapman Pincher. 343 pp. Illus. 
$4.00. Duell, Sloan & Pearce. New York. 


HE author, in his preface, states that this book 
+ in intended to present facts about the structure 
and behavior of fish in a way understandable to the 
angler, naturalist, and general reader. Technical terms 
have been replaced wherever possible by simple words. 

The subject matter treated is supposed to cover the 
field rather fully. There are 22 chapters, some of 
which are: Smell, Taste and Touch; Hearing, Bal- 
ance, Current Perception; Blood, Breathing and Ex- 
cretion; Fins and Locomotion; Hormone Glands; 
Breeding ; Fish Migration; Scale and Scale Reading ; 
and Pollution. The book covers practically the same 
ground as Norman’s History of Fishes; but, whereas 
Norman thoroughly knew his subject and recorded it 
accurately, this book predominates in gross errors in 
statements of facts, indicating that the manuscript 
could not have been carefully checked by a profes- 
sional ichthyologist. Much of the terminology was 
probably coined by the author and is not used in the 
fields of zoology or ichthyology. 

By way of illustration of a few of the most nu- 
merous and most unpardonable errors, I cite the fol- 
lowing: Page 5, Figure 3, shows behind the head the 
designation “spine,” and on page 6 it is defined: “Em- 
bedded in the muscles of the dorsal half of the fish 
is the bony spine, which peters out behind but in 
front is joined to the skull.” This “spine” probably 
refers to the vertebral column, or backbone. Page 8, 
Table 1, gives a primitive type of classification for 
fishes. One section is headed “Ventral fins set well 
back,” under which are listed “eels, morays, conger ;” 
these of course lack “ventral fins.” We are told, page 
12, that “The goldfish has taste cells scattered through 
the surface layer of its skin.” It would be interesting 
to know the source of the statement that “Brown’s 
killifish was reported from water at 128° F.” We note 
in Figure 52 (of an eye of a fish) that the blind spot 
is labeled “special sensitive spot.” Figure 73, of a 
gurnard, shows the free pectoral soft rays as “spines.” 
Page 94, Figure 92, has the spiracle of a skate desig- 
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nated as “breathing hole.” Page 105, Figure 99. ,, 
page 150, Figure 114, show the intestine e 
tube.” Page 210: “A few fish, like the hag 
the sea perches of the genus Serranus are s 
truly hermaphrodite. . . .” On page 218, in ; 
fertilization of eggs, the author says: “In m 
the revolving sperm bores a hole through 
wall.” There are dozens of other errors. 

The majority of the drawings are most element; 
crudely done, and highly inaccurate. Legend 
many instances substitute absurd names for 
well-established terms. The list of common names ; 
lowed by scientific names is a fairly good one as }:- 
as it goes, but I wonder what the “South Americ; 
mud minnow,” page 259, might be! 

Publishers certainly have a responsibility to 
public and should ask competent advice before py). 
lishing such books. I could not recommend it ; 
schools nor for the angler, naturalist, or 
reader. 


genera 


LEONARD P. Scu 
Smithsonian Institution 


A NATURALIST’S LIFE 


Ant Hill Odyssey. William M. Mann. 388 pp. Illu: 
$3.50. Atlantic-Little, Brown. Boston. 


R. WILLIAM M. Mawnv, Director of the Natio 
Zoo, writes, as he talks, in a refreshing a 


colorful manner of his childhood and student 4 
up to the time he accepted his first permaner 
position as an entomologist in the U. S. Department « 
Agriculture. From early childhood “Bill” has bee 
interested in collecting insects and all sorts of animals 
Warm-hearted and generous, he has liked and bee: 
liked by people all over the world and in all walks « 
life. 

Although he is a world authority on ants and the 


1 


insect guests that live with them, his interests hav 


naturalist Mann found that he could not proper| 
study his specimens without a formal education. Whi 
a student at Washington State College and at Stanior 
and Harvard Universities, he made many frient 
among distinguished scientists. 

A collecting trip in Arizona for beetles—finance 
by a wealthy expert—led to more important trips ‘ 
Brazil—with the Stanford Expedition—to Haiti, Mex 
ico, the desert of Arabia, and finally to the Paciit 
Isles. All sorts of odd insects and animals were 0: 
lected on these trips; many, being new to scientt 
have since been described by Dr. Mann and ott 
scientists. 

In Haiti, Mann had a Presidential passport, but 
was his own personality and good sense that enable 
him safely to penetrate inaccessible regions of th! 
land of voodoo. Among the cannibals of Fiji, whet 
“human meat is sweeter,” and in the Solomon [slant 
he traveled in safety through the interior and matt 
friends with the natives. Later some of his forme’ 
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bruary 


ipanions were killed by villagers. Exposed to poi- 


ous snakes, wild animals, and disease-carrying in- 
ts, Mann’s only casualty was a severe case of 
Jaria. 
*yll of human interest anecdotes, descriptions of 
4 countries, people, and natural history, this book 
an inspiration to both layman and scientist. Bill’s 
ends will look forward hopefully to additional books 
t will describe later expeditions to South America, 
rica, and Malaya, as well as his experiences as 
B cus fan and as Director of the National Zoological 
rk. 

THOMAS E. SNYDER 
ashington, D. C. 


STANDARDS OF MEASUREMENT 


» Metric System of Weights and Measures. The 
Jational Council of Teachers of Mathematics: 
Nwentieth Yearbook. Compiled by the Committee 
in the Metric System, J. T. Johnson, Chairman. xiv 
303 pp. Illus. $3.00. Bureau of Publications, 
eachers College, Columbia University. New York. 
HIS “Yearbook of the Nationa: Council of 
Teachers of Mathematics” gives a survey of the 
ory, nature, and advantages possessed by the 
ric system, as supplemented by reports on the use 
ietric units in this country by some sixty individ- 
s in different occupational fields. The general con- 
ion is made that the substitution of the metric sys- 
for the common one would give greater speed 
accuracy in computation, make possible a freer 
rchange of knowledge and goods between the 
ples of the world, and benefit education by the sub- 
tion of decimals for common fractions. 
he work of the Committee has been, quite largely, 
of compilation, with the contributions accepted 
inclusion coming from those who are convinced 
the best interests of America would be served by 
ore universal adoption of the metric system in this 
try. The writers are, however, not in agreement 
0 the methods that would be effective in bringing 
t the change. Thus we have such comments as the 
Dwing : 
other course is to finance and carry on propaganda 
influencing the people and Congress. This might result 
adical action (page 76). 
y attempt to force the adoption of the metric system 
handatory legislation . . . would end in fruitless con- 
tsy (page 218). 
is should be approached by starting out with our 
cc school system (page 94). 
hother basic approach would be for each one of the 
br industries to make a thoroughgoing study of its 
ular problems (page 220). 


¢ compiled material is presented in four sections. 
first two emphasize the history of the metric 
m and the present usage of that system in this 
try. The third is in the nature of a scrapbook, 
h has gathered together such items as scripts for 
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school radio programs, newspaper accounts of teach- 
ers’ meetings, reports on talks before clubs, and resolu- 
tions passed by clubs or other groups—all urging the 
adoption of the metric system in this country and the 
elimination of the common units. As might be sur- 
mised, these contributions are not entirely free from 
overstatement and ballyhoo. The final section carries 
as its subheading, “Methods of making the change to 
the metric system, both in general use and in educa- 
tion.” The articles included are, however, more diverse 
than the heading would indicate. Three are by mem- 
bers of the Yearbook Committee and deal with school- 
room situations; all of these are excellent. The first 
of this group follows a line at variance with the rest 
of the book in that it scarcely mentions the metric 
system, giving its attention, instead, to methods of 
presenting decimals in the arithmetic classes through 
the decimalization of common units. 

For the book as a whole one is apt to note adversely 
the brief and ineffective and the blithe 
disregard of significant digits in such problems as 
those of pages 54-56. A more drastic criticism would 
be made of such material as that on pages 81 and 82, 
which purports to give the history of the common 
units. The entire discussion is historically unsound. 
That it ignores the standards of length and weight 
placed in the Exchequer by Edward III and used 
officially by all England for two centuries before the 


Foreword 


time of Elizabeth is certainly inexcusable. 
Ke1tH Gordon [IRWIN 
Colorado Agricultural and Mechanical College 


ZOOLOGICAL SUPERSTITIONS 


Animal Facts and Fallacies. Osmond P. Breland. xvii 
+ 268 pp. Illus. $3.00. Harper. New York. 


NY teacher of biology or zoology, as well as 

natural-history museum workers, will testify to 
the appalling amount of misunderstanding and super- 
stition that clutter up the average person’s mind in 
respect to animal life. Professor Osmond P. Breland, 
of the University of Texas, has taken time out to 
record and correct some common misconceptions about 
animals. He has likewise included numerous items 
about special habits and idiosyncrasies of certain ani- 
mals, such as the possible danger of shock from elec- 
tric eels, the speed of birds, chewing of the cud by 
cows, and the delicate question of how porcupines 
mate. 

Breland has arranged his sections on mammals, 
birds, fish, reptiles, and amphibians in question-and- 
answer form for the convenience of the reader. The 
work, however, cannot in any sense be considered 
seriously as a reference text; in the words of the 
publisher, “This is not a guide book.” 

Even though much worth-while information may be 
found between the covers of Animal Facts and Fal- 
lacies, one takes away the impression that the author 
has not come fully to grips with his undertaking. For 
one thing, the absence of scientific names will surely 
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prove disconcerting to readers who intend to seek 
additional data on the life habits of the animals they 
read about. Although the so-called jointed snake is 
admittedly not a snake, it cannot be dismissed simply 
as a “glass-snake lizard.” The unfortunate and over- 
all result of Dr. Breland’s efforts to avoid being tech- 
nical has been to swing to the opposite extreme, that 
of oversimplification. Chapters such as A Fish Said 
to Raid Hen Houses, Frogs that Fly, and Some Frogs 
that Eat Alligators have relatively little value in a 
book of his type, and they should not have been in- 
cluded. 

CiiFForD B. Moore 
Trailside Museum 
Spring field, Massachusetts 


WORLD PROBLEM 


Plenty of People. (Rev. ed.) Warren S. Thompson, 
xiv + 281 pp. Illus. $3.50. Ronald Press. New York. 


UST 150 years ago Malthus published an essay on 
population in which it was shown mathematically 
that human population, increasing as it does by geo- 
metric proportion, will sooner or later outstrip the 
possible increase of food production and present a 
prospect of starvation or the alternative of restrict- 
ing the birth rate. For nearly a century this crisis was 
looked upon as lying in the indefinite future. There 
were still millions of acres of fertile land to be brought 
under the plow. Especially was this true of the United 
States and other Western countries where a rapid in- 
crease of population was taking place, yet the teeming 
populace lived better than had their ancestors. 

Thus the evil day, when the pinch of hunger might 
be felt on a grand scale, was postponed, or lost to view. 
But as the reserve of unused land dwindled toward 
the vanishing point and the world’s population con- 
tinued to grow by 20,000,000 or more a year, the ghost 
of Malthus walked abroad again, and to many students 
of human affairs the menace of overpopulation seemed 
not far off. 

For years Thompson has taken a leading part in the 
study of this problem. The voluminous census figures 
and other statistical data from all parts of the world 
have been thoroughly combed for information on the 
actual facts of birth rates, death rates, and resulting 
population growth or decline. Taking into considera- 
tion racial differences, conditions of sanitation, cli- 
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mate, disease, economic and social standards , 
customs, religious taboos, family traditions, and “oni 
ion climate,” or attitude toward childbearing, he ¢,3 
that , 


even the most sanguine hopes of science and industry 
increasing the means of living will be inadequate to om 
more than a meager existence to our increasing p 

for more than a few years unless birth control perme 
the rule in all the world. There can be no rational }, 
of a decent life for all mankind if birth rates renyjy. 
more than about one-third of the physiological maxim 
in any considerable part of the world’s population, — 


The available mathematical data used to byt 
these conclusions have, I think, been marshale yj 
care and fairness. In the analysis and interpretatio, 
the statistics there is some difference of opinion amp 
demographers on certain moot points, such a; ; 
effect of immigration on the growth of population 
the country of adoption. Among the numerous faci, 
involved in his discussion of population, perk; 
special mention should be made of the author’s tr 
ment of the immediate and aftereffect of war yp 
the military and civilian populations, of internal mig, 
tion, of minorities, of epidemics, industrializaty 
prosperity, depression, changes in age distribution, 
of contraceptives, and various means adopted by g 
ferent nations for increasing the birth rate, includ 
marriage loans, bonuses for large families, remiss 
of taxes, police drives to reduce abortion, and }j 
control. 

Thompson stresses the importance of the psycholg 
cal factor in determining the size of the family, } 
desire for ease and luxury and the unwillingnes| 
make personal sacrifice for children may be m 
decisive than considerations of economy and securi 
If the desire for a biological stake in the futw 
through the continuation of the family is weak, 
haps it will be difficult to bring pressure to bear eith 
for more or fewer children. At any rate, the auth 
makes a good case for the proposition that the citiza 
of every country should more keenly appreciate 
importance of maintaining a population of the rig 
size and quality and of recognizing that a reason 
adjustment to the environment, though neglected 
present, may soon become imperative, and that! 
matter cannot be put off indefinitely. 

E. V. Wa 
Washington, D. C. 





